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A number of high s t r e n g t h  s t r u c t u r a l  shee t  alloys, p l a s t i c s ,  and t h e r m 1  
i n s u l o t i o n  materials were subjected t o  a v a r i e t y  of mecrLanicol t7na 
p h y s i c a l  p roper ty  tes ts  over t he  temperature  ranee of +78'F down t o  t h e  
boiling p o i n t  of l i q u i d  hydrogen (423'F) 

The E e t a l l i c  materials were se l ec t ed  f o r  evolua t ion  l a r g e l y  OR t h z  b?rlr 
of t h e i r  possession of d e s i r a b l e  combinations of p rope r t i eF ,  'LncludinF 
h iph  stren@,h/we i Pht c n s r a c t e r  i s t  i c  s , we ldRbi  li t y  , f ormabi l l t y  , cor r os i cn 
r e s i s t a n c e ,  and r e s i s t a n c e  t o  b r i t t l e  f rActure  over t h e  r e m e  of temycrm- 
t u r e s  st which da ta  were a l r eady  ava i l eb le .  
mter ia ls  are intended p r imar i ly  f o r  thermal  i n s u l a t i o n  snd o the r  non- 
s t r u c t u r a l  appl ica t ions , '  t h e  bulk of t e z t i n g  E t  cryogenic  tempera tures  
was concerned with t h e i r  phys i ca l  p rope r t i e s .  

The strer@,ha of meta l s  increase i n  t h e  range of 50% t o  loo< from +7tjn? 
t o  -423OF. Thus, i n  those  s t r u c t u r e s  which a r e  subjec ted  t o  ~p;3xi!~m 

loads a t  cryogenic %emperRtures, advantage can be t&en  of r.i&er a t r c  rf-t t : ,  
R t  low temperaturea t o  reduce t h e i r  weieht by bas ing  d e s i v  a l l o w R h l P s  
upon low ten.perature p r o p e r t i e s .  
reduced t e n p e r a t u r e s  and t r d s  c n a r a c t e r i s t i c  nus t  be considered i n  t n c  
s e l e c t i o n  of materials f o r  cryogenic temperature  c p p l i c a t i c n s .  Of tk.e 
sheet a l l o y s  t e e t e d ,  d e e i r a b l e  combinatlons of hiph st.rer.frtc, rifrD 
r e s i s t a n c e  t o  b r i t t l e  f r a c t u r e ,  end Food weldqb i l i t y  a r e  exhibit<!;  by 
t h e  fc l lcwing:  severe ly  cold r o l l e d  s t a i n l e s s  s t e e l s  .rucli as Type? 301, 

t cmpera tu res ) ,  t i t a n i u m  a l l o y  A110-AT, aluii inum a l l o y  5 G 4 2 4 3 8 ,  cqii 
hardened K-honel. 
Has te l loy  B a l l o y  e x h i b i t  goou st ren@h and b r i t t l e  f r e c t u r e  res lz t  
F r o p e r t i e s  a t  tempera tures  down t o  -1+230F, bu t  t n e i r  we ldab i l i t y  119' not 
eva lua ted .  Aluminum a J l o y  6061-T6 has  good t o u w n e s s  ~ o w r  t c  -320".' bu+ 
e x h i b i t 8  moaerate notch sens i  t i v i t y  a t  -423OF. The h i &  F t r e n s t i ;  
filuminum alloys cf +,ne 2000 Rnd 7000 serif E *re very nctcki w r s i t i v c .  r +  

-320OF' and a t  -423'F. 

Since t h e  non-metFllic 

f."iany metalc  become embr i t t l ed  c.t 

334! and 310 (clt1,ouph Type 301 appears  nnreirlal a t  l i q u i d  I I : ? ~ -  A Cven 

2of% cold worked Haynes 25 a l l o y  sr.d 4w co i rA  rc2.i 

h e a t  trec"tab1e s t s i n l e s s  s t c e l ~  whicn byrdec by trazcfcrr"? i c n  t'c T rtTrslt- 
(AM-355) become e n b r i t t l e a  a t  cryopenic teWiccr?ture? t o  F c - r t c t e r  e r t w t  
t h a n  do st ,ainle,rs steels srhicn 'nprden by a Frecii i t a t i o n  rLF-C,i-Ir3 sm '!-/ > I \ ) .  c 0 1  
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The s e l e c t i o n  of engineer ing  m a t t r i e l s  for  app l i co t ion  i n  n l i s : i 1 6 E  - r  Q 

rpace v e h i c l e s  involves  t h e  cons idera t ion  of a wide v o r i e t y  of 
s t r u c t u r a l  metals, p l e s t i c s ,  ana thernlal  i n s u l a t i c n s  t h a t  m i x t  cpErcte 
over a wide spectrum of environmental  ccndi t ions .  i'i..ese ccr id i t icns  
inc lude  high enc low t e r . pe ra twe ,  fatip-1.e (caused by bctn t w r r r . n l  c j c  1 * r  r 
and f l u c t u a t i n p  l o a d s ) ,  and e ros ive  and corrosive cond i t ions  8.c: w e l l  - 7  

triose environmental  f s c t o r s  peculiar t o  :pace which Include low per:: re 
w i t h  r e s u l t a n t  l u b r i c a t i o n  and evaporat ion problems, r o d i n t i c r  (d t , r \ av iOle t  
e l e c t r o n ,  and proton)  snd erosion due t o  n i c rcme teo r i t e s  and rrro1ecrl:Jr 
Jmpacts. 
Ccnvair-Lstronaut ics  during t h e  A t l a s  (1355- 
developmental  prcgraxts, and have e i t h e r  been solved o r  are c y r e r t i y  uncer 
s tudy  i n  test f a c i l i t i e s  designed and b u i l t  f o r  this expre.c:C t u r p o r e .  
Thus t h e  Raterials p r o b l e m  i n  f u t u r e  space v e h i c l e s  r ep resen t  c! n ? t ? : r n i  
con t inua t ion  of those  materials s t u d i e s  e i t h e r  completed o r  c i . r rer , t ly  in 
progre  ES a t  Ccnv air-A s t ronau t  IC E. 

A l l  of these  mgterials problems have been encountered ;it 
) nnd Centnur ?195?- 

In  t h e  a r e a  of s t r u c t u r a l  allojrs, a wide  v a r i e t y  of high s t r e n p t h  stee-5 
materials inc lud ing  cold r o l l e d  a u s t e n i t i c  s t a i n l e s s  s teels ;  alL?,2ilX*, 
t i t an iun , ,  n i c k e l ,  and c o b a l t  base alloys; a s  well 8 s  severa l  he-at  t r e r t -  
able stainless steels have been subjec ted  a t  Convair-fictrcn?utice t c  
tes ts  a t  terzperatures  rariginp down t o  -423OF t o  d e t e r n i - c  t , , , e i r  
f o r  apLli c a t i o n  i n  missile and spcce veh ic l e  syztems. i'r OT 11,  : 5.: re 
supported i n  p a r t  by t h o  fiir Fcrce P t l q s  and Centaur c c n t r 3 a t c ,  -L,? 

-rester por t ion  was supported by i n t e m p 1  colppny funcrinri wr-icn ncd been 
~1Lccete.7, t= sdv,:nced re~earc:. 5n-i developlent p ro jpc t? .  e .'i'otrt R i i o y  7 

were € e l e c t e d  f c r  s tudy becduse they  exh ib i t ed  cne o r  iiLCre rf t ? c  
f 'cl lowing c h a r a c t e r i s t i c s :  
f i . e W  r e s i s t a n c e  t o  b r i t t l e  f r a c t u r e ) ;  adequnte w e l d s b i l i t g ;  retc-.tJ- i ti 
Of p r o p e r t i e s  a t  both crycgenic  t emprn t ,u re s  and modPr?trXy hii-k, terrr r;?- 
t u re s  In t h e  range of ?OO°F t o  1MO'F; cor ros ion  reFis t9nce ;  ond .-oo'* 
f o r n e b i l i t y .  In order  t o  obta in  o;kinmm s t r e y t h s  3eve3 -r, tk-e -lips 
ee lected for study were e i t h e r  c o l d  worked ( co ld  r o l l r c f )  cr k,eit t r e # i p c '  ' - - e  
hardened or quenched and tempered) t o  t h e i r  rli,-hest ~ t r e n ~ t r ~   level^ 
commensurate with adequate toughnes: . In e d d i t i o n ,  since weidAbili t ;  i: 
of prime h p c r t a n c e  in t h e  f n b r i c s t i o n  of t h e r e  vehicie?,  ? l l cy :  wcrr' 
t e s t e d  i n  both t h e  base metal  end h e l i w c  butt-welfied c c n f i w r r t i c c : ,  

'i heee 

-. 

h i g h  strenF-th/depsity rntic.;; PFOG t o ' i ~ ~ ~  r . ~  r 
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:'tie notched t e n s i l e  tests were included f o r  s tudy t o  eva lua te  t o w t  r< 'c '  
wnick: is a measure of r e s i s t a n c e  t o  ca t a s t rop i  i c  b r i t t l e  f r s c t u r c .  
Tcughness i s  a p rope r ty  cf  v i t a l  i,nporta?ce t c  t h e  ndssile designer  
because cis s t r u c t u r e 6  nre subjcc t  t c  Ek.ock t,j&e l w d s  w k . i k i :  tcci:r dt*rir,f 
kyciraulic hamnerlng, v i b r u t i c n  duc t c  rocke t  eripirw i'irirAh;, a c t i (  n c f  
quick-cicsing V R ~ V B S ,  etc., ana w i l l  ccntsiri  mi l t  i n  stres: .  coriceritrr  ~ : P , X I C '  

of verying degrees  of i n t e n s i t y  cue t o  ue ld ine  d e f e c t s ,  t o o l  m A s ,  
sFPenibly e c c e n t r i c i t i e s ,  rardcn d c f e z t s  in t h e  mt31, e t c .  X c s e  
cond i t ions  a l l  f rvor  b r i t t l e  fa i lure ,  and becone Even ;.,ore 2tTere @t 
lcw tem;eratLlre ir!  t h a t  b r i t t l e  f r c c t w e  of many materials i s  m r e  
krone t c  CCCUT -t r e d w e d  temperatcres.  

R e  severest  type  cf tougt;ness t e s t  ccnoines  h i r n  s t r o i n  r n t e c ,  <:r'rry 
nc tches ,  end lcw temperature ,  c s  t y p i f i e d  by the Charpy V-nctch t c r t  

i n  t h i E  i n v e s t i g a t i o n  as an index of tou@,nes6 s i n c e  almost 211 of  
d a t a  r epor t ed  upcn were cbtsir ,ed on r e l n t i v e l y  t i i i r i  Lcheet mter l  SI 
n c  fully reliable impact t e s t  has y e t  been devised f o r  t h i n  ?k i t e+ , .  
nctched te lnsi le  sexqle a l l o w s  use of sharp  notches  nnd lov t t ; . P t i r , c  
t expe ro tu res ,  bu t  does not  p e r m i t  t h e  h i c h  s t r o i n  ra tes  avpilrbie ir, L..P 

Charpy V-notch impcct t e s t .  ?he i n i t i a l  s t r a i n  r e t e  a t  tk.e rcc t  cf' q r i e  

notch i e ,  hcwever, p r e a t e r  than encountered i n  t e s t s  of miscth t e r l c l i e  
specin.en,c because of t h e  Ftress concent ra t ion  e f f e c t  cf tr.e nolc:.F: - 

a ccnducted ..-+, low t s q e r q t c r e .  Kztc%ed/'~mr,ctcfied t m s i l c  t c c t z   ere il 

':I,., 

The s t r e s s  ccncen t r e t ion  f a c t o r  cf 6.3 was s e l e c t e d  f o r  \:se in t i ! i r  
i r i ves t iga t i cn  because previous  .sxial f . ? t - i p e  t e s t s  o f  ccmFlex ~ e i d c r l  
j o i n t s  on jOl e x t r a  f u l l  hard  s t a i n l e s s  s t e e l  ccndvctc-d m c e r  the. E t : - -  
p r o p a m  had e x h i b i t e a  good c o r r e l a t i c c  w i t h  notci.ed/unriotciied t e n ? :  I,: 
r e t i o s  obtained w i t h  thir w l ~ e  of K;i; ~ ~ e r  ~i i-sngs of t e m ~ , e r a t e r ~ . ~ .  frr:;-, 
+?$OF t o  423OF. Appendix B p re sen t s  t e s t  a ~ t o  or! cc l ?  wcrked : 
s tee ls  showing t h e  c o r r e l a t i o n  tha t ,  h n ~  bem o b t a i x a  between t!- 
r:ctched/unnotched t e r . s i l e  r a t i ce  and t h e  f e t i p e  r e s i s t o n c e  cf c x + l e x  
welded j c i n t a .  A l a r g e  body cf dcita. h a s  been p n e r a t e d .  a s  p r t  of t r : p  

b t b s  end Centaur prcgrams, and srovrs t h n t  less acu te  notches  ( e .  c e 7  
Q of 2.5 t o  3.0) are less d i s c r h i n a t c r y  between tGu& ?r!u d ~ ~ t i 3 . e  
m t e r i a l s ;  i n  f a c t ,  i n  scme case&, t e s t s  w i t t  t . i . is n ~ t c h  h c v i t y  cn 
known b r i t t l e  rrlnterisls heve yielded notciled/unnctc5ed t e n s i l e  ;rr t 1 ci:^ 

of about unity. Thue t h e  l e a s  shorp notch t e n d s  t o  
mater ie ls  are tcupn, when a c t u a l l y  scae may be b r i t t l e  under a c t c q l  
s e r v i c e  condi t ione.  A t  the otker  extren.e, however, st.ress c ~ n c e ~ : t i ' . r t .  i PP 
factors of 1 5  t o  18 Rave been enplcyed on a v a r i e t y  c.f m?t,r.rials t:.~ 'CIW 

i n v e s t i g a t o r s ,  and these t e s t s  in p m e r n l  t end  t c  rnr:k.c! n i l  x ~ t e r i ~ l : ~ ,  
includine tcugh. cnes,  appear t o  be b r i t t l e .  
midway betweer. t n e s e  two extrems h a s  krovcn to be bct,h , j iscr:nir .r tcrp 
bctwcen tough and b r i t t l e  m:,eri.i!., m a  t o  ccrrelpte w j t h  
hehcwicr, wf;icll i z  tile u3t1wt .e  !:roof cf --+cy l:llior,;tCry ' t cs t .  

Tlu.-, R k i t  cf I:..? l y : ! ~ ~  

r v j  CF: 

, 

I 
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For example, i n  t e s t s  of 5052-H38, 2024-T3, and 7075-T6 aluminun; o l l o y s  
(which are Fucceesively more notch s e n s i t i v e )  a t  -320°F, notched/ 
tinnotched t e n s i l e  r a t i o s  determined with a stress concent ra t ion  f r c t c r  
of 3.0 all lie c l o s e  t o  u n i t y ,  which would be i n t e r p r e t e d  a s  meening 
t h a t  each of t h e s e  alloys h a s  reasonably good and about eQual r e s i s t a n c e  
t o  b r i t t l e  f r a c t u r e .  The same t e s t s  on the  same al loy.  8 t  -32C°F us ine  
a Xt of 6.3  however, shows t h e  notched/unnotched t e n s i l e  r a t i o s  f c r  
5052-H38, 202f+-T3, and 7075-T6 t o  be 1.02, 0.99, and 0.86 r e s p e c t i v e l y ,  
whidh i s  t h e i r  t rue  order of toughness,  o r  r e s i s t a n c e  t o  b r i t t l e  f r a c t u r e ,  
as  measured by impact and t h e  NHL G, ( c rack  propagat ion)  tests. 

A f i n a l  p o i n t  of i n t e r e s t  is t h a t  low notched/unnotched t e n s i l e  r n t i c s  
f r equen t ly  OCCLU’ a t  -423OF where e longat ion  v d u e s  are r e l a t i v e l ,  1 . i  h, 
and may even be tending  t o  increase .  
e lonpat ion  i n  t he  smooth t e n s i l e  t e s t  i s  n c t  a rCeRsure of t c u h n c e - ,  
o r  notch s e n s i t i v i t y .  
t tie terms d u c t i l i t y  and toughnesz interchanpeably,  when ac tunl l j r  they 
nieasure two d i s t i n c t l y  d i f f e r e n t  parameters,  Elongat ion,  wtd.ch i r  7 
measure of d u c t i l i t y ,  d e s c r i b e s  t h e  a b i l i t y  of a mter ia l  t o  deforn 
p l e s t i c a l l y  under cond i t i cns  cf slowly apy;lied l o a d s  i n  t h e  absence of 
notches or  o the r  stress concent ra t ions .  Tcuphness, which nmy be I 

measured by Charpy V-notch ircpact s t r en f lh ,  notched/unnctched t e n z i l e  
r a t i o s ,  and v a r i o u s  t e a  tes ts ,  is a measure of r e s i s t c n c e  t c  o r i t t l e  
f racture  under cond i t ions  of impact loading  and stress concent rs+’  bionT, 
such as notches,  r ivet  ho le s ,  i nc lus ions ,  sharp  r e e n t r a n t  corncrp ,  ttc. 
Combinations of impact loads, s t r e s e  concen t r a t ions ,  and low t e r q c r c l  urc 
famn the severest t y p e  of toughness t e d ,  and are a l l  present i n  n 
Charpy V-notch t e ,d  conducted a t  low temperature.  
v a r i a b l e s  ( i .e ,, strain rziie, notch 3cuity,  
made f o r  s tee l s  by J a f f e , e t  ?l (l), and t h e s e  concepts  may be exter?dcd 
t o  o the r  s l l o y  systems. 

T h i s  simply demonstrates t h - t  

U n t i l  r e c e n t l y ,  many i n v e s t i g a t o r s  have been winr 

The c o r r e l - t l o a  of t k t  . - , a  

t e ~ ~ e r z t u r z  ) k- r be:.r, 

As a r e s u l t  of t h e s e  c o n s i a e r r t i o n e ,  it i s  secn t h a t  a m t e r i a l  r;i*‘y ! . T C  
a larpe mount  of d u c t i l i t y  as measured by e longa t i cn ,  y e t  h a w  very 
poor toughness as measured by notched/unnotched t e r  eile mtics ,  CE-J-, y 
V-notch t e s t s ,  or  crack Fropagation tests. For e x m p l c ,  meny of t r  c 
carbon steels e x h i b i t  e lonpet ions  of as  nuch es  f i f t e t n  Fcrcent  in ters:-i le 
tes ts  c t  -32Q°F, y e t  a r e  glass b r i t t l e  i n  impsct t e s t s  ( 2 ) .  
sone hicrh s t r e n g t h  s t a i n l e s s  s t e e l s  nay have e l o n p t i o z ?  a s  low a ?  twc 
percen t  (which i s  cons iaered  q u i t e  low),  and y e t  t ime e x c e l l e n t  to1wr.r F . C C  

a s  m a s w e d  by any cf t h e  previously mentioned t e F t s  ( 3 ) .  

S c n v e r s c l ~  , 

rnl inus, when conxider inp a c a d i d a t e  ; iL-ter ia2 f o r  sy.;)licFcti.cn i n  n : i \I:-; 

stressed n i i z s i l e  s t ructure  a t  lcw te;r:peratljre, tile ,.cFigner m u ~ t  re’:. r r  
t cuphness  dsta rather t h n p  u u c t l l i t y  d s t a  fcr n r  l n t e l l i  w l t  relrict’on 
of mete r i c l s .  T h i s  is espec ia l ly  t r u e  i n  t:,t c-se  of : ! i s s i l e  : l L p l i z y t  
becnu:e n l l  c c n d i t i c n s  fnvor inf  b r i t t l e  f q i l x r c  ‘rc irs:er,t i . e  ., :-j.-!- 
s t r o i n  r - tc-c  ( v i b r s t i o r ,  of r o c k e t  e n r i n e s ,  hydrpul ic  h , l ; m c r ,  ’ .i Icn of 

7 
1 
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quick c l o s i n g  valves, e tc . ) ,  s t r e s s  concen t r a t jons  ( s p o t  weldo, s h n r p  
r e e n t r a n t  corners ,  t c c l i n g  s c r s t c h e s ,  etc.  ) , high ope ra t ing  s t r c s s e F  
because of weight cons ide ra t ions ,  and low temperatures  a s soc iPted  w i t h  
cryoFenic f u e l s ,  

bon-metall ic rnnlterials 3re f i n d i n g  ever  i nc reas ing  a p p l i c s t i o n s  i n  
m i s s i l e  systems. P l a s t i c s  are b e i r e  w e d  ex tens ive ly  i n  t h e  At l a s  qrAd 
Centaur missilcs,  and t h e  p r o p e r t i e s  of p l a s t i c s  over wide tempergtiirc 
rsnfes (-423OF t o  decomposit,ion tempera tures)  h w s  been end ?re b e i w  
i n v e s t i p t e d .  S t r u c t u r a l  p l a s t i c  l a n i n n t e s  c c n s i s t i n g  cf f i b e r p f n c s ,  
Rsbestos o r  R e f r a s i l  re inforcement  and s i l i c o n e s ,  phenol ics ,  c p x i e s ,  
ro lyes t e r r ;  and 'i'$flon RS b inde r s  hove been s tud ied  and eva lunted  d t r l n c  
t h e  pos t  three years f o r  t h e i r  a b l o t i c n  p roFer t i ee  and f o r  t h e i r  h1-h 
ond low terrperature meck1anicol and physics1 propert ief i .  T h i s  bqci:nci1:li?, 
l n  t e s t i n a  p l n s t i c s  et cryorenic  tempera tures  w i l l  be e x t r e m l y  hc1rfi.l 
i n  t h e  design of f u t u r e  e p c e  vehic les .  F t r u c t u r a l  p l e a t i c  l c i m i n ? t e n  
and p l a s t i c  hcneycomb confipurat icnE have been u?ed i n  t t e  t t l ? c  o d  
Centaur v e h i c l e s  f o r  he&, s h i e l d s ,  equipment P O U E ,  f a i r i n r F ,  b r m k c t s ,  
m d  i n s u b t i o n .  S i n i l a r  cpp l i cn t i cne  w i l l  be encountered i n  f u t m e  
spcce v e h i c l e s  and I Y I U C ~  of t h e  data  and exl 'erience accumulated i n  t h e  
pac t  t h r e e  yews  w i l l  be app l i cab le  t o  f u t u r e  sp8ce veh ic l a s .  Fdditlcrt :  1 
wcrk has  been dcne-on t h e  effect  of cryoeenic temperaturee cn adhesives, 
p l a s t i c  foam i n s u l x t i o n s ,  p l a s t i c  films, p o t t i n g  cornpmd: and  e l e c t r i c - l  
ir, sulet ions.  

P v a r i e t y  of experimental  t e s t s  r ime beer, performed t o  e v a l u r t e  vw-icuz 
L.cchanicP1 and ,physJcd p r o l o r t i e s  of a i rbo rne  components s u b j e c t a c  t CI 

cryngenic temperatiires, 
brazed  joints have been determined i n  bctn s tcndnrd t e n s i l e  t e c t c  
conducted a t  -42j°F, end i n  bend t e s t s  fo l lowinp  t h e r m 1  c y u l i r y  bt t i . c t  r 
78OF and 423'F. In a d d i t i o n ,  d i l a t o m e t r i c  t e P t s  h v e  been cmduc t sd  c.t 
-32OoP on E? v e r i e t y  of ma te r jn l s  t c  de t e rn ine  t h e i r  coe f f i c l en tE  of 
thermal  expansion. Fur ther  t es t s  have been Ferformed on t h e r m 1  i n  * I I L * -  

t l o n s  t c  de t e rn ine  thermal  c c n d u c t i v i t i e s ,  i n  Rddition t c  t h e  im cil8nl 
p r o p e r t i e s  ;lientimed previously.  Other s t u d i e s  r e l l t e d  t o  t n e  J e t t i n c  
of va r ious  m a t e r i a l s  by l i q u i d  h y d r o p n  have been rsnde. 

The mechanical F roFer t i e s  of scoldered srid 

The scope and contont  of t h e s e  experimental  pcqrpn's, t o  be d&i; lCd 7 1  

t h e  fo l lowinp  s e c t i o n s ,  sl-,owe t h a t  Convair-rs t rcnnut ics  1 c s  becn i r  T i  c' 

f o r e f r o n t  cf s t u d i e s  F e r t a i n i n f  t o  m a t e r i a l s  p r o b l e m  i n  r r icr i lc  s ~ r x :  
spoce v e h i c l e e  u t i l i z i n g  cryoeenic  p rcpe l lnn t s .  Ti;cse stud! e ? ,  wrAy of 
which were ccnducted c ? t  cc!q-nny expense, Tiwe r e s u l t e d  i n  7 - ~ c - : I  
c a p a b i l i t y  i n  cryofrenic t e c t i r q ,  inciuclino t h e  yrccLirentr.t T I. cievslcr - 
m r t  cf terEt f F j c i l i t j c y  m u  l e r scnne l .  In t h e  c k t n l l e d  s e c t i r n :  w j c : ~  
f o l l c u ,  I ' cper t ies  of t n e  mcre r,rcni,cinr ~ - ~ t e i - i d  c f o r  - 1  pj la-, t i OR I I ,  

i u t  ~ J ' C  ~.k''.ce vek,iclet: W E  reviewed, FJ:C pe r t  inrr l t  c x r c Y ! r i r  n t  c 1 IC+ I . ,  

obtainfic! i n  Conv-(r lTborn tc r i c s ,  ?re d.i:ccc;cd !r * c m :  of" t b l e i r  
oyp?lc:>tion ir. t ~ l r  t ,:ke cl' cr,"cL ve : ic lc .  

" L  
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COLD 'dORKED 300 SERIES STAINLESS STEELS 

In t h e  co ld  r o l l e d  condi t ion ,  t h i s  alloy c l w s  e x h i b i t s  an out,ctendi?p 
combination of p r o p e r t i e s  which s u i t s  it f o r  s t r u c t u r a l  a p p l i c a t i o n  i n  
m i s s i l e s  and space v e h i c l e s  u t i l i z i n g  cryogenic  p rope l l an t s .  
p r c p e r t i e s  inc lude  good s t rength /dens i ty  r a t i o s ,  e x c e l l e n t  touphness 
over t h e  range of -423OF t o  +800°F, pood weldab i l i t y ,  pood co r ros i cn  
r e s i s t a n c e  and e x c e l l e n t  formabi l i ty .  

TheFe 

Type 301 co ld  r o l l e d  about 60 percent  i s  t h e  sk in  m a t e r i a l  used i n  t h e  
. P t l a e  and Centaur veh ic l e s .  
, extremely wide v a r i e t y  of mechanical and phys ica l  p roper ty  t es t s  inc ludi r t r  
mechanical proper ty  t es t s  over t h e  t e n p e r s t u r e  rsnpe of -423OF t o  lOOC'F, 
w e l d a b i l i t y  t e s t s  involv ing  h e l i a r c  bKtt ,  seam, and spot  welds, P-nd 
r e s i s t a n c e  spot  welds, c t r e s ~  cor ros ion  tes ts ,  thermal  conduc t iv i ty  t p z t  - + 

and many o the r s .  As a r e su l t  of these t e s t s  t h e  p r o p e r t i e s  of t h i c  
m a t e r i a l  are accurately known and thorouphly r e l i a b l e  f o r  R p p l i c e t l o r s  
such as r e c e n t l y  proposed l o n g  range space vehic les .  A t  p r e s e n t ,  ti.1:. 
alloy i s  be ing  produced t o  a Convair s p e c i f i c a t i o n  which r e q u i r e s  
f r a c t i o n a l  s tandard  PIS1 t o l e r a n c e s  for t h i ckness ,  camber, f la t r ,esc . ,  ruic 
s m f e c e  appearance. 
by t h e  S n d z i r d r  p r o c ~ s s ,  assure q n o r e  uniform product ,  which i n  turn 
improves t h e  d e s i p  accuracy i n  mch  v i t a l l y  important m e a s  a s  we ip iAt ,  
and stress d i s t r i b u t i o n .  
on ly  a f t e r  l o w  and cont inuous cooperat ive e f f o r t  with t h e  s t e e l  F r o ( ? i : c ~ ~ r ~ ,  
of whom a t  least  four  major producers  have q u a l i f i e d  f o r  t h e  p r o d u c t i o ~ ~  
of sheet t c  o u r  requirements.  
m a t e r i a l  r e s u l t i n g  from t h i s  development program would be of d i r e c t  mula 
immediate b e n e f i t  t o  new spoce verdc le  con t r ac t s .  

Ps such, it h8s been subjected t o  AP 

These c lose r  t o l e r a n c e s  r e s u l t i n g  frcm cold r o l l i n g  

These advantaces  occrued t o  Convnir-Pstronrut i c y  

Tk:us t h e  n\?l-rent. a v a i l g b i l i t y  of t i l ls  :-;cr?-3 

T h i s  a l l o y  and type  304 ELC* cold r o l l e d  50 percent  e x n i b i t  excel lent ,  
low temperature  p r c p e r t i e s ,  and  e i t h e r  a l l o y  would make  an r x c e l l w t  
s k i n  m a t e r i a l  f o r  new space vehic les .  
301 cold r o l l e d  642 percent  between 78OF and -L23°F are piven i r  Tabl.v? 
L, 5 and 6 f o r  fauges .013", .023" r e s p e c t i v e l y ,  while t h e  : , ech?nica l  
p r c p e r t i e s  of type 304 ELC cold r o l l e d  50 percent  between 78°F  rid -c'k23c7 
are  Piven i n  'i'rble 9 f o r  sheet mqte r i a l  .OU" t h i ck .  
331 e x t r a  full h a r d  h?s  been t e s t e d  i n  poupes as heavy CF .IO0 inche? ,  
?rid eque l ly  niph a t r e n p t h s  a r e  obtained o t  ~ l l  t e s t  te:',Ferntures (see 
Tablo 7). 

T m  mechanical p r o p e r t i e s  cr' 1 ; ~ ~ s :  

12 add i t io r , ,  t y z c  

-- _I---- 

I 
E x t r n  log cnrbon 
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The 301 extra full hard exhibits a t e n s i l e  s t r eng th  which increrFc.2 f rm 
abcut  220 k s i  a t  t Z ° F  t o  nbout 330 icsi a t  -423"F, while t h e  : ; i e l d  
s t r t -np th  increascE from about 200 k s i  t o  285 k s i  over t h e  sane t e m r r , r n t u r f  
rnnge. 
temperature  p r c p e r t i e s  a s  t h e  b n c i s  cf des ipn  a l lovables ,  when t h e  
s t ruc ture  i s  sub jec t ed  t c  maxhmm l o sd ing  cn ly  a t  low temperPt,ure. 
the new space vehicles it is recomended t h a t  t h e  low ternyeroture 
F r c p e r t i e s  be used wherever poFsiole ,  t c  cb ta in  <an inereaye  i n  y i e l d  
s t r e n e h ,  axd conseuuent ue ight  reduct ion .  T h i s  procedure i s  now ured 
i n  selected areas  of t h e  Centour,venicle.  

This  imrcedintely raises t h e  p o s s i b i l i t y  of u s i n r  t he  low 

In 

The incref lse  I n  j7ield and t e n s i l e  strength I n  t h i s  a l l o y  is acccrnpnied 
by an i nc rease  in e longat ion  from about 5 percen t  a t  78OF t c  abcut  20 
percent a t  -3X)OF, and t h e n  by a decrease t o  between 6 and U percer1.t ;:t 
4 2 3  F. The Increase between t 7 P F  and -32O0F i s  due t o  8 chcnce ir. t h e  
n a t u r e  of deformation between these ternperntxres. 
deforms by necklng over a iiarrow rnnge, s o  t h a t  t h e  e longat ion  :i,t?n:ixed 
over t h e  s tandard  2 inch  p . q e  lenpth  i l r !  r e l a t i v e l y  low, Rlthough strrlir: 
at t h e  necked a r e a  is much h i g h e r .  
elongates uniformly over t h e  ent i r 'e  gauge l enpth ,  u i t h  3 r e 6 u l t i r i ~  k , i a ~ h c r  
e longat ion .  
t o  mar tene i te  r e e c t i o n  causes t h e  m n t e r i d  t o  f r a c t u r e  i n  a 1e.g: d u c t i J e  
Ilienner !i. e. , lesP p l a s t i c  flow p r i o r  t o  f r a c t u r e )  w i t h  a resu l t in?  lower 
ehongnt icn 

The product  of t h i s  r e a c t i o n ,  mar tens i te ,  behmves i n  a mcre b r i t t l e  
lmnner than  does t h e  a u s t e n i t e ,  and i t s  presence i n  l m g e  m o u n t s  'riqs '? 

d e l e t e r i o u s  e f f e c t  ct: tne  nctciied/unnctchod tens1J.e r a t i o  6r.d t en7 i I . e  
f3Sipuc F r q e r t i e s  cf cornpiex welded jcints, and makes t h e  use c.f t.; i,- 
a l l cy  m r g i n a l  a t  -423OF. 
notcned/mnotched t e n s i l e  m t i o  f rcn  0.99 t o  0.92 between - 3 2 O O r "  an3 
-'+23OF i s  sceosipnnied by R decrease i n  cycles t o  f a i l u r e  i n  nxlni f n t i p e  
t e s t s  from 2033 cycles t o  633 cycles  ( n t  t h e  same strezs l e v e l  of 
U0,OOO p e i )  between t h e  same temperatures.  Thus a modernte cmcit ic i !  cf  
embrittlement exists i n  this ~31o;r c l t  -423OF, and the  reverity cf tr-e 
service apyl ico t j .on  ( s tze s s  l eve l ,  stress concent ra t ions ,  etc.  1 w i l l  
determine i f  t i A s  alloy can be used. 
f o r  8 lower stress level i n  t h e  axial f a t i p u e  t e s t  (frm l 4 d , O L ? O  p ~ i  tc,  
120,000 p s i ) ,  t h e  w e r a p  cycle:: t o  f a i l u r e  inc rease  f ro& 633 cycfss  t .c 
1964 cycles at -423OF. 
t h e  steep s lope  of t h e  S-I\J curve i n  tne low cycle, k i p h  s t r e r s  r n n m o  

0 

ft +%OF,  t h i s  mn?,erial. 

A t  -32O0F however, t h i s  : n y t e r i B l  

Between -3X)OF and -423'F, t h e  occurrence cf t h e  c i u s t e n j t e  

* 

For exmpI.e, (see Appendix a )  EI decrease i n  T t i e  

For example, Ap-endix I3 cf,cws tLc:: 

T h i s  th reefo ld  inc reace  in fn t igue  l l f c  i:: due tc 
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stress l e v e l s  c o n t r i b u t e  t c  more b r i t t l e  behavior ,  8 s  !ndicpt,ed by wider 
3 sigma l eve le .  

Where b e t t e r  f a t i p e  life f o r  a gJven s t r e s s  l e v e l  i s  des i r ed , ?  more 
s t a b l e  s t ee l  (i.e.,one i n  whicn tne a u s t e n i t e  t o  mar t ens i t e  r m c t i o n  
does not  occur)  would be spec i f i ed .  
wllich t h e  H a t e r i a l s  Research Group h n s  te , r ted  ir, t t e  40, 6U azd 75 
p t r c e n t  c o l d  r o l l e d  ccridit ions.  

Fuck a s tee l  i s  AIS1 type  310 C?.?,?, 

In the 75 percent  c c l d  r o l l e d  c o n j i t i o n  ( s e e  Table 15)  this o l l o y  ,cccr-lf'J.,.(-:. 
sone strerigti .  a t  7 p F  a s  comprea tc extro f u l l  hard tyFe 301 t o  o h t ? t r ,  
coniplote s t a b i l i t y .  Ilow6ver, t h e  increased s t r e n g t h  of 310 a t  lower 
tempera tures  exceeds the room temperature s t r en f ih  of type 3C1. Ti,?iS 
where the s t e c l  i s  stressed onl;r a t  low tempercture ,  type  31ci j ~ i p ~ ~ c f :  
no weignt pena l ty  where rooni texperatme p r o p e r t i e s  8re t k e  b s s i s  of 
deeign allowables.  
f a t i g u e  l i f e  of t2;ls n ia te r in l  i n  t he  welded j c i n t  a t  -423@F. f-i'tcr 203'. 
cycles  (0-40,000 psi) a t  -423'F, only one smil crack h a  np iewed .  r ' i ~ t 3 .  
on Tr io r  e x p r i c n c s  i n  f a t i c u e  t c e t s  where f i n a l  failcre occur8 Etftrr 50 
percent  cr more of t h e  riurber of c j c l e s  a t  wnicri t f L i E ;  f i rs t  c m c L  iriiti:ttt^s, 
it can be conservot ive ly  es t imated  tht the f a t i r u e  l i f e  of t h i s  m F t ? ? r i ? l  
w i l l  be at lea.st 3000 c y c l e s  o t  -423OF; t h i s  cclrpnres w i t h  633 c y c l c . ~  fcr 
t h e  301 CRES n t  -L+2j°F. 

T r A s  s t a b i l i t y  of tj-pe 310 i s  r e f l e c t e d  by tb le  A;qktler 

P very  l~artge body of dstn por t a in ing  t c  t h e  F r o p e r t i e s  of t y p e  ??l 
s t a i n l e F s  e t e e l  i n  vsr;yirip degrees  of co la  work ,  EIL welded j o i n t  c w f I : - w  - - 
t i o n o  La5 been accumulated d u r i n -  t h e  P t l a s  mid Centnur p r o g r m r ,  nn!! . 3 2  
OL' these riata woulcr be d i r e c t l y  spi  l i c n b l e  t o  new spsce vch;cLe IJr'Lp I 

t c r  exm.piep r c f t e r  ten;pers 02 type jol ore uscd *diere forInin5 q w i ' ~ t  j o  

n u s t  bc perfcrmed dur ing  f a b r i c a t l o n .  
bulkhenu, of tile ! t i n s ,  which is f x c l e d  from Fore  secticnc t h r t  -.re c-il 
crawn t o  shape. Tables 1, 2, and 3 give  t h e  prcper tLes  cf t.zpc 2dl c c i ?  
rolled between 40 and 50 percent  which is  uzed fos cold fcrnin;?, w ~ i h  
Table $' Fives t n e  necnanica l  L rope r t i e s  of this s t e e l  c d d  r o l l e d  ?ti 

e r c e n t .  T h i s  J p t t e r  :.tee1 was ,studied f o r  t:ie purpose of definirx- tr t' 
range cf c o l d  work resulting i n  t h e  cptimun ccnlbinat im of streiytr -1.0 

tcu?iiness. 
found t o  be the 0ptiznt-n dep-ree cf c o l d  work, t o  y i e l d  tensile and :*It-1 j 
s t r m p t h s  of 220 m d  di0 k s i  r e spec t ive ly  2 t  '[go? ac$o;r,:nicd b,! - 
notctiod/un.otcned tensile r a t i o  i n  BXCCSR of uni ty .  

I 

An ex.mple is t h e  intcrmcdiDte 

As 8 r e s u l t  of tfiis study (41, t h e  r.inngc of 55-65 ,)er(>cii!, r\r' - 

i 

i 
! 

I 
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0.03 percent ,  uhich minimizmcarbicie p r e c i p i t e t i o n  dur ing  weldfnF which 
can cause embri t t lement  i n  the  hee t  e f f e c t e d  zone. The e x c e l l e n t  
notched/unnotched t e n s i l e  r s t i o s  ( i n  excess  of un i ty  a t  a l l  tempernturec 
down t o  -423OF) of t h i s  a l l o y  i n d i c a t e  t h a t  it would have mflximum 
r e s i s t a n c e  t o  b r i t t l e  f r r tc ture .  (See Table 9 ) .  

Addi t iona l  s t u d i e s  of t h e  e f f e c t s  of variation i n  chemistry and co ld  
work a t  low temperature  on t h e  mechanical p r o p e r t i e s  of t h i s  a l loy  
c l a s s  were performed on Type 302, (40 and 60 percent  cold rolled) arld 
Type 310, (40 ,  60 arid 75 percent  co ld  r o l l e d ) .  
s t u d i e s ,  piven i n  Tnble 10 throueh 15 ,  shcw t h a t  the Type 310 is fldljr 
s t a b l e ,  t is  deduced frcm notched/unnotched t e n s i l e  r a t i o s ,  i n  ~ l l  t enpc r r  
d a m  t o  -423OF, due t o  i t s  h ich  n i c k e l  cen ten t  (20 percen t ) .  iiowevsr, 
t h i s  a l l o y  dces  not  have t h e  high work hardeninp capability tnat  ‘iyw 
301 e x h i b i t s .  
co ld  work from two f a c t o r s ;  s t r a i n  hnrdening of a u s t e n i t e ,  nnd converFlon 
of a u s t e n i t e  t o  t h e  s t ronge r  m r t e n s i t e .  Th i s  conversicn i s  promcted by 
low t enpe re tu re  and high t e n s i l e  stress, but  i s  completely .-upI;rersed in 
t h e  Type 310 due t o  i t s  high nickel  content  which F t a b i l i z e s  t h e  ?urter. l t ,c.  

The r e s u l t s  of t heze  

Type 301 d e r i v e s  i t s  h ipher  p r o p e r t i e s  r e r u l t i n g  from 

Fur ther  s t u d i e s  of aust  e n i t e  s t q b i l i t y  as inf luenced  by chemistry were 
porfcrmed on Type 301-K4 s tee l ,  cold ro l led  about 60 Fercent ,  
rleta of Tables  16 and 17 show t h e t  tnis a l l o y  has t e n s i l e  a rd  y i e l d  
s t r e n g t h s  s p p r o x h a t e l y  those of Type 301 extra f u l l  hard.  
lower notched/unnotched t e n s i l e  r a t i o s  a t  lower temperetures  show t h o t  
t h i s  s t e e l  i s  unsui ted  t o  c ryorenic  a p p l i c a t i o n  uue t o  i t s  r e l a t i v e l y  
imsta-bh AuGtenite, which i s  converted i n  lnrye m o u n t s  t o  t h e  more 
b r i t t l e  m a r t e n s i t i c  phase. 

Stress c c r r c s i o n  s t u d i e s  of Type 301 e x t r n  f u l l  hnrd hpve shown t h p t  
this a l l o y  should n o t  be used i n  conjunct ion witA-rcclpesiurn n l l o y s ,  no 
mtter how we l l  pa in ted ,  coated, p h t e d ,  o r  i n su lq t ed  t h e  n>ep?esiunl m;y 
be. 
corros ion  Ixoclucts (Y@ and Ng (OH121 t o  c D m e  i n  cent?,ct with t h e  
stainless steel, which then  undergoes stress cor ros ion  a t t a c k  
a t t s c k  i s  acce le ra t ed  by environments such a s  salt epray, b u t  even l e ~ r  
severe  condi-t ion? allow t h i s  z t tack  t c  cccur. 

:he 

i?owever, t h c  

4 

Thc sma l l e s t  s c r a t c h  o r  b r e d  i n  t h e  p r o t e c t i v e  c o e t i n e  a l lows  

T1,is 

Otherwise t h i s  s t e e l  e x h i b i t s  e x c e l l e n t  cor ros ion  r e s i s t a n c e  nnd 
reqL1ires only pe r iod ic  washine w i t h  deionized water, or  ccn t inp  w l t h  
Corrosion prevcr. t ive f i l m s  t o  ruard  r l p l n s t  CorrcPive a t t a c k .  
c o n t a c t  with o the r  n l l o y s  such as Filuminum, K-Kcnel, t i t an ium,  c t r c s  
steels, only ncmiriel p r c t e c t i v e  me3sures need be tzkea. 

Ir, 



In  s tandard  e l eva ted  temperature  tes ts ,  t h e  co ld  wcrked s u s t e n i t i c  
s t a i n l e s s  r e t a i n  their  F rope r t i e s  t c  abcut lOOOOF be fc re  s i p n i f  i c a n t  
loss of s t r e n g t h  C C C W E .  I n  order  t c  sinulrte t h e  cond i t ions  of 
r a p i d  hent inp  which occur du r ine  t akeof f ,  samples of 301 were s u b j e c t 4  
t o  r a p i d  hea t ing  tes ts ,  where heet ing  rates and strefises cculd  be 
programed t o  9irnulnt.e t hcse  condi t ions  F r e v a i l i n g  diirinp takeoff  ar.3 
a c c e l e r a t i o n .  These te?t ,c  revealed t h s t  no  loss of p r o p e r t i e s  occ-xred  
n t  t e n p e r a t u r e s  up t o  8000F, which i s  t h e  maximum temperature resc!.ed 
on t h e  Ptlas skin.  

a i l  o t  thege  s t u d i e ?  of t h e  300 Lscriez s t R i n l e s s  s t e e l s  hsve been 
iccompmied by thorough metal loprnphic ,  x-rfiy d i f f r a c t j o n ,  nnd a - i p r t . i y  
exsminat icns  so t h a %  the  e f f e c t  r f  s t r u c t u r e  on yropertie:: could be 
mepwred and evalunted. A 1 1  of these  s tEd ies  sttow t h a t  e i ther  Tyrc ~ C i l  
e x t r a  full h w d  ( c u r r e n t l y  ir: use cn Atles  and Centem v e h i c l e s )  cr 
Type 304 kLC, 50 ;.ercer,t cold r o l l e d  or  more,would mdce e x c e l l e n t  
s t r u c t u r a l  skin rrieteriol? f o r  new space veh ic l e s .  

The Convair-Pstrcnnutics ccnspany spbnsored test promans  r e l - t i n r  t c  ti!? 
c r y w e n i c  y r o p e r t i e s  G f  slminurr. a l l o y s  d s t e  brick t o  1957, when i n i t i d  
surveys of t h e  ncchonical  and phys ica l  p r o F e r t i e s  cf alilminun: ?llo;s 
i nd ica t ed  r? d e f i n i t e  l i c k  cf enpineer ing d a t a ,  e s p e c i a l l y  CT; velded 
jo in t ' s ,  on all af t h e  comon a l l c y a  fittemperat es below -32O0F m d  01' 

cornFrehensive testink; prqra i i i  f o r  detzr ixlnine t h e  ?;c ~h~nicsl Frr rPr i  i 1 r 
frorr. rcom ten;F.eretwe (t78OF) t o  l i c u i d  h y r k q e n  temperature  ( -Lt23"F) 
cn t h e  2000, W O O ,  6000 and 7000 series aluminurr a l l o y s  was i n i t i n t e c  
9nd ms been i n  propress  f o r  over a year .  

k y s i c s l  p -o l  e r t  i es ,  suck a s  therm81 coriuuct ivi ty  m d  c o e f f i c i e n t s  c f  
therms1 cxp.ovsicn 3 s  w e l l  86 corrcs ion  r e s i s t e n c e  was deerred nece~w.r:i .  
As FGinted out i n  t h e  f a c i l i t i e e  and c a p o b i l i t i s s  broct.ure, 1sbcrstcr.y 
equiprnpnt and f q c i l i t i e s  e s s e n t i a l  f o r  aetermininp t h e  very low 
temperature  p r o p e r t i e s  of t hese  ? a t e r i a l s  were r rccured  b3 conp7~y 
funds and a n m b e r  of personnel  were s g e c i a l l y  t r a i n e d  t o  h m c l e  
cryoeenic  l i q u i d s .  

many new nluminum d l o y r  a t  911 t empera tures  (3 . As a r e s u l t ,  R 

Also, a study of cer tx i r  

The low te r ipera ture  r;,echnnicsl p r o p e r t i e s  of t h r e e  5000 s e r i e s  ? I  UP;;  IT 

n l l o y s  (5052-h38, 5066-ii-34, and 5154-I 38) have been ccr.l;leted ( ::Fc 

t s h l e r  16, 19 Find 2 0 ) ,  end t e , r t i np  i s  c u r r e n t l y  i n  Drcme.rs cn two v c r v  
I rcrnisin:, al~mfnm, u l i o y ~ ,  5083 end 5456. 
i nc lueed  u l t i m t e  t e n F i l e  s t r e n p t h ,  y i e l d  (C?.,?X) s t r e n c t h ,  P Z C Y  P ? t i C I  , 
nctck t d  ( k t 4 . 3 )  ui+,imate te r  s i l e  F t , r e p ~ h ,  -rid nctckcd/iinrctc).ed 
u l t i i w t t  t e R c i l a  r a t i o s  cf ti,€ parept  metcl  
elcngot i c: : ,  2nc: w e l d  e f f i c i e n c y  of t i e l i i r c  t x t  t welds, 

F r c p t r t i r s  deterniinptl 

r a  ti.lt,in,ntt: tc 'ric  i:+. : t r c , : , b t b  , 

*'i. :i , i 7 3 7 . :  F 
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Tho 5000 series alminuii alloys m e  i d e a l l y  R sinp2.e phnse mapr;e::it~+ 
aluminum s o l i d  so1uti:n typF a l l o y  with a face-centered cubic  s t ruc t . i r r :  , 
ccnd i t ions  w h i c h  would I n d i c a t e  [ ~ o o d  touphness e t  low temperut.was.  
These a l l o y s  de r ive  t h e i r  s t r en f lh  frcm cold ucrkinq,  which l e n z s  itsc2-f 
t o  the  forming of high s t r e n g t h  shee t  m t , e r i a l ,  2nd by t h e  -7 l loy inp  
e f f e c t  of rmpnesium,. 
procedures  and methods, and no poFt-weldirlF hclnt trentrr.ent o r  i:roecssi.ac- 
I s  r equ i r ed  f o r  rood j o i n t  e f f i c i ency .  tiowever, n s  M,V be sccn i n  
Tables  19 and 20 t h e  toughness ( 8 s  measured by not,ched/unnotched ten:;i!rt 
r f t t i o s )  of 5086434 and 5154-H38 nlwninum s l l c y s  decreases  si m i f i c n n t l y  
between t78'F and -423OF. T h i s  r e s u l t  (unexpected f o r  a s!nrsle T 
fnce-centered cubic  s t r u c t u r e )  h n s  been a t t r l b u t e d  t o  C t i e n A C r t l .  i 
i n  t h e  alloys a s  witnessed by an apprec iab le  m c u n t  cf i nc lue inns  npynrer:? 
i n  the  micros t ruc ture .  
i s  very d i f f i c u l t  t o  genern l ize  concerning p r o p e r t i e s  cf inzter5pls n t  
cryo,Fenic t m p e r a t u r e s .  Therefore,  i n  view of t h e s e  end o the r  eiich (?Fit.", 

s e v e r a l  a l l o y a  nre b e i q  inves t ign ted  t o  determine t h e  e f f e c t  cf im!!uri:! F c - 1 ~  

( r e s u l t i n g  from normal commercisl p rcduct ion)  by p r e p r i n p  and t e  
h i p h  p u r i t y  a l l o y s  (obtninRble by h i g h  p u r i t y  a l l o y i n g  e l e r e n t s ,  c o n t ~ o l 1 ~  d 
ntmosphere mel t ing ,  u l t r a  sonic  treatn:ent dur ing  inco t  s o l i d i f i c n  t i o n ,  
e t c . ) .  
t h e  5000 series ~ l l o y s  a s  ccmpmed t o  s t o l n l e s c  steels o r  t i t a n i u m  , ~ l l o y : ; ,  
a t tempts  t o  inc rease  the strenFth by n g r e a t e r  degree of  cold mLI5r.p 
are being inves t iga t ed .  

Also, they me  ccnsidered weliigble by ell ccnm:erci?l 

4.s one ma?' sea fron t h i s  type  of exper ience ,  i t  

Also, i n  view of the re ln t i . ve ly  low s t r e n q t t  t o  weicht m t i o  cf 

Xessurenents of thermal  conduct iv i ty  nnd c c e f f i c l e n t s  of therircl. expxr!cL 
s r e  being m d e  a t  -320 and -L23OF. A l o r r e  nurher  of envircnmentnl  
cor ros ion  s t u d i e s  of sluminum alloys, c lad  and b-re ,  snri trxir we.i[-ied 
j o i n t s  hnve been nnde. F I S C ,  c c r r z s ion  r e s i e t s n c c  of d i ~ s i r c i l n r  junl- t i r :  
w i t h  c t h e r  s t r u c t u r a l  rmterials hnve been de te r r ined ,  a n .  I n  thcse  c'i; 

where a cor ros ion  probien; was a p j s r c n t ,  s u i t a b l e  organic  continc-c c r  
c l ec t ro -p la t ed  f i n i s h e s  were developed. Compatibi l i ty  w i t f i  l i q u i d  oXyLTw 
~ R S  bc en t e s t e d  on an aluminum s l l o y  (6061) and it was found t o  ne i i i l ;  - c t  
: :ensit ive R t  33 t o  70 fcc t  pcunds of impact load.  
n.ore t e z t i n g  of t h i s  type  i s  necesr?ry;  however, it i s  3 p p r e n t  t i n t  R 

ce r tR in  runomt of impact s e n s i t i v i t y  with l i q u i d  cxyeen exist,.c. 
s i fni i ' icance of 1 ic,uic! oxyoen i n p u t  s e n s i t i v i t y  as mensurer? by v:>rlo*x 
h j  4ify a r b i t r a r y  rnetno2c i s  a b j e c t  t o  ccnEiGer8ble discxPsion.  

I t  i s  f e l t  ti IT, 

7'1 e 
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. 
producins 9 nore competi t ive s t ronpth- to-weight  r a t i o .  I :esul te  of t h e  
low ternperatwe mLchanica1 test , ir ,y t c  dn te  i n d i c a t e  t h s t  these alloys 
retain Food d u c t i l i t y  and tcuphness  i n  the p r e n t  r r , e tn l to  -423OF. 
Therefore  t h e s e  a l l o y s  a r e  conyidered t o  be Food s f r u c t u r d  mnte r in l s  
a t  cryooenic  teniperit ,ures if necimnical join. inp suc!? a s  r i v e t i n p  may be 
used i n  l i e u  of f u s i o n  weldinp. (See  Tnble 21), 

Tb.e 6061 aluminum n l l o y  i n  t h e  T 4  and T 6  tempers was c h c s n  ?,P reyre.cen- 
t,Ative of t h e  4000 Cer ies ,  n c l s s s  of low a l loyed  Qluminum witn TopFer, 
nn_qnesium, and s i l i c o n .  Altncunh t h i s  n l loy  i s  (jriite weldrible by 811 
gene ra l  ;reldinp t echniques  3na r e t a i n s  ,-cod d u c t i l i t y  and touehness  s t  
low t empsrs tures ,  t n e  very  low t e n q i l e  s t renf r ths  (30-40 k s i  a t  78OF 
nnd 50-70 k s i  s-t -423OF) p r a c t i c a l l y  e l imina te  tiiis ina t e r i a l  fcr missile 
uw exceFt f o r  spFc i* i l  low load c a r r y i n p  app l i cu t ions .  (See Tables  
~i nnd zjl, 

'ihe very h i p h  t e n s i l e  .-t,ren@h ~ l u m i n u n  a l l o y s  3 r e  i n  t h e  70uO series, 
R hiphl ,v  n l loyed  z i n c ,  n.ngnesirun, cop je r  typrl of a l l o y  which  derives 
i t s  s t r enF th  from R u e  hnrdeni:]? h e a t  t r e n t n e n t s .  Alloys 7075, 7079, 
and 7174 i n  shee t  stock i n  vqrious tempers and 7075 Rnd 7079 p l ? t e  stock 
i n  the  T 6  tern! c r  were chosen f o r  de te rminine  t h e  low temperature  
mechanical p r o p r t i e s .  
s t r e n d h s  from '70 t o  30 k s i  which m d w r  them most impressive on a 
st,rPnc$h t c  ve iph t  basis .  iiowever nr? methods of producing f u s i o n  welds  
w i t h c u t  i nhe ren t  r inbri t t lement  and verv poor j o i n t  e f f i c i e n c y  hpve been 
found. (See  Tables 2 4 ,  25, end 2 0 ) .  

rn 

Thest= a l loys  h v e  Embient temperature t e n s i l e  

R e s u l t s  of Convsir-P s t r o n a u t i c s  lou t empora twe mechanical t e s t i n g  
Frograms i n d i c c t e  t h a t  tne 7172-T6 shee t  materirsl i s  very b r i t t l e  at 
low texnperattlres with notched/unnotched t e n s i l e  r a t i o s  cf 0.8 a t  -320OF 
3rd  lower a t  -423OF. Elso, t h e  7075 and 7079 sheet and p l a t e  o l loys  i n  
t'he 2-6 t enpe r  a r e  h u i t e  b r i t t l e  a t  cryorenicotercpersturec with a 
notched/unnotcned r a t i o  of sbout 0.95 a t  -320 F and 4230F. The nicro- 
s t r u c t u r e  of these a l l o y s  mows c). 1-rpe number of me%_allic ' i nc lus ions ,  
Wiiicti : ' -> 'r  - e s t s  t k , ? t  t h e  towhnsss of t h e s e  a l l o y s  may be e r e a t l y  
1.iproved by maintaining h i f h e r  ehexic.1 Cur i ty  du r ine  product ion of 
t r e  i m t e r i s l .  
f o ~  t o s t i r , &  t o  d o t e r n h e  p u r i t y  e f fe r t? .  

A h lch  pu r i ty  alurri4nurn e l l c y ,  X7275, i , r  bcinp procured 

'Ihus t h e  olunlinuq a l l o y s  si:ow the most promlee f o r  cryopenic n p p l i c a t i o n  
i 11 tricse 1 lt?c~:; where conpressive 1o:ids and hence buckl ine  c m s i d e r n t i o n s  
c o n t r o l  t n e  desim, I n  these  cnst:s, t h e  tough, weldable 5000 series 
~ 1 1 0 ~ s  such ?S 5456, 5096 an:! 5052 w o ~ l d  be used, 
wtit-re i ~ e  J i i n  
w i h  uuequi te  t.ow.int:ac w w l , :  be obta ined  with 20?4-T4 or  2OU,-Th. 

11, c the r  a p i l i c 8 t i o n s  
is  riot, rLcuired, cIitimurr. s t ren@h//dansi ty  r a t i o s  combined 

I 

! 
\ 
! 
I 
I 
! 
! 

j 
I 

i 
! 

I 

I 
I 

i 

1 
- i  

I 

I 
1 
! 

I 
i 

1 
I 
I 

I 

! 

! 

I 
1 , , 

! 
! 

I 

1 
I 
! 
I 

j 
i 

! 
i 

FO2M N O  A-702-1 



C O N V A I R  \ I  A S T R O N A U T I C S  0 

I 

0 I I 

'V' . ~. 

The titanium base alloys are of major i n t e r e s t  f o r  F i s s i l e  and space 
v e h i c l e  s p p l i c r t i o n  becsuse of t h e i r  ou ts tanding  s t r enp th /dens i ty  
r a t i o s ,  accompanied by Food weldabi l i ty ,  and e x c e l l e n t  co r ros ion  
r e s i s t a n c e .  Convair-Astronautics h a s  been i n  the  f o r e f r o n t  of titmitjn 
OUGY use i n  m i s s i l e  app l i ce t ion ,  snd t h i s  work is b e s t  t y p i f i e d  bj. 
the succePsfu l  development and use of t h e  6P1-4V titanium a l l o y  i n  t h e  
rielium p r e s s u r i z a t i o n  b o t t l e s  which form p a r t  of t h e  pneumRtics system 
of t h e  P t lne  miee i le .  These b o t t l e s  conta in  helium pes under h i p h  
prersure,  m d  a r e  cooled i n  l i q u i d  n i t rogen  (fi t  -32OOF) u n t i l  just 
p r i o r  t o  t akeof f  i n  crder t o  increase  t h e i r  gas s torage  capac i ty ,  
1.medietely a f t e r  t a k e o f f ,  these  b o t t l e s  are subjec ted  t o  extreme 
v i b r g t i c n a l  l o a d i n g  Jue t c  t h e i r  Froxirri ty t o  the rocke t  e x p i n e e ,  k'tiLe 
a t  low temperature.  Thus, t h i c  o p p l i c s t i c n  
r e s i s t a n c e  t o  b r i t t l e  f r a c t u r e ,  which i s  posFessed by t h i s  alloy. Fcr 
t h e  he l ium b o t t l e  aFp l i ca t ion ,  t he  6Al-LV-TI a l l oy  i s  s o l u t i o n  cuenchcd 
and aced t o  a t e n s i l e  Ftrenpth in  t h e  range of 155,000 t o  165,000 p s i .  

I 

r e a u i r e s  a high order  of 

T h i s  developmental program requi red  c lose  ccopera t icn  w i t h  s e v e r a l  
firms t h a t  nanufec ture  t h e s e  b o t t l e s .  The weldjng schedules ,  p rocess  
c o n t r o l ,  and quAli ty  assurance techniques  were a l l  worked out  w i t k  t,he 
v m i o u s  vendors until toat-iy the  process  i s  rou t ine .  
experience would be  of imn.ediate and direct  b e n e f i t  t o  t h e  deaign of 
new space ver , ic les  i n  those  a p p l i c a t i o n s  where t i t an ium wculd be s p e c i f ? _ e d e  

This  knowledre and 

Addi t iona l  company sponsored work has  
i n  tze evaluat ior ,  of nuzerous sheet  a l l o y s  a t  t e q e r a t x e o  r en f inq  ~zL-:: 
t o  -L2J°F, inc ludinp  P l l O A T ,  6Al-LV, B12OVCA, 6 A l - & r - l V ,  7A1-12Zrt s ~ d  
HS l40. 
given i n  Table 27 and it i s  seen t h e t  t h i s  a l l o y  e x n i b i t s  e x c e l l e n t  
notcneQunnctched s t r e n e t h  r a t i o s  which are e s p e c i c l l y  @od a t  t h e  lower 
temperatures .  
q l p h a  (hexaeons1 clc:e p c k e d )  s t r u c t u r e ,  a s  wel l  a s  i t? e x c e l l e n t  
s t r e n @ h / d e n s i t p  c h a r m t e r i e t i c s ,  and i t a  rood we ldeb i i i t y .  Bo 
p e n e r a l i t l e s  can be mnde concerning t h e  behavior cf hexsgcnal c l o ~ e  
p,scked a l l o y c  a t  c r y o n m i c  temperatures .  AlthcuFh nnpnesium qnd 2ir.c 
( b o t i  h. C.  F . )  t end  t o  be b r i t t l e  e t  low tempera twec ,  t h e  6ptl-4V 
t i t . ? n i m  r.1lov (contRinino ? h e a t  t r e o t e d  Alpha + b e t -  s+ruc t ,ure)  t - - -  
aiven e x c e l l e n t  z s rv i ze  R t  -320°F i n  t h e  form of h e l i m  presrure h c t t 1 - e  
for  pneumatics system p r e s s x i z n t i o n  ? F  menticneci ebave. 

i n  p rogress  for over a yenr 

(See Tables  2R through 3 4 ) .  Data from t h e  A l U P T  p ropem i l r  

T h i s  a l l o y  was included i n  t h i s  s tudy becsuse of i t a  811 

P l l o g  AllOlr ' i '  i e  choroc ter ized  by l s rge  incre3FeE in both t w r i l e  strcr,rt.r 
r3nJ y i e l d  strength and very  sr?cll decrenses  i n  e l o w c t i o n  wi tah  ciecr?rc;n7 c 
temperature .  
iixiportqnce i n  mirsile iicsim, becsuse nnny des i , pe  Ftre S i sad  cn y l c i j  
st.ren:*h retner t n . n  tensile st rengt- : ,  ind asrye i n c r e a s e s  i.! yield 

Ti i i  s 13r;.e ir1creaF.e i n  yield s t r eng th -  i s  of prime 
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s t r e n g t h  a t  low temperature can be used t o  advmtnqe  i n  s t r u c t u r e s  
which a r e  h i a h l y  s t resFed  onl,y nt, low t,cmperature. 

:lotJover, i n  nos t  m s e s  where y i e l d  s t r e n - t h  i ac renses  r e p i d l y  with 
decreas ing  tempemture ,  t h e  toughness of t h e  d l o y  underpoes 3 
t r s n s i t i o n  from d u c t i l e  t o  b r i t t l e  behavior  a t  r e l a t i v e l y  h i?h  
temperetures, depending on chemistry,  hent  t rea tment ,  s t r a i n ' r a t e ,  
type  of t e s t ,  e t c .  
notched/unnotched t e n s l l e  rR t io  down t o  -423OF, and appears  t o  be B 

prcmisinp alloy f o r  c ryc fen ic  opp l i cq t ion  i n  a l l  r e spec t s .  It shculd 
be noted, however, that .  t h i s  allcy l o s e s  s t r e n p t h  rRpidly n t  tenperntura: 
exceeding 600OF. 

However, t h i s  t i t an ium a l l o y  d i s p l a y s  an e x c e l l e n t  

The welded j o i n t  of A l l O A T  i s  a s  s t rong  8 s  t h e  parent  metal  bemuse  
t h i s  alloy does n o t  respond t o  hee t  t r ea tKen t .  
cooLed fron: t h e  weldin? (molten) tempersture  h a s  tre reme s t r e n g t h  37 
t h e  prtrent z m t c r l d .  In t e n s i l e  t e e t s  of h e l i n r c  b u t t  welded j o i n t P ,  
t r a c t w e  occurred i n  t h e  base metal  rstker th.m i n  t h e  weld a e t a l  
b e m u s e  t h e  weld had been r o l l  plmished ,  t h u s  inc res s inF  i t s  s t r eng th  
s l i p h t l y  by cold  work 

On a ctrengtn-weiyht basis,  tHe A l l O P T  t i t s n i u n ;  ~ l l o y  (5A1-2.5Sn) is 
supe r io r  t o  t h e  b e s t  s tee l  apd Filuminui s l l o y s  s t  c ryeaen ic  tcmperqturcs;  
9 s  shown i n  the t a b l e  below, where t h e  Etrength-weipht c h n r n c t e r i s t l c s  cf 
cc ld  ro l l ed  Type 301 stainless s t e e l  s h e e t ,  5052-H38 Rluminum a l l o y ,  :)vd 
E l l O A T  titm-iium allo,v c r e  shown R t  +'78OF, -320°F, and -423O". 

Thus m a t e r i a l  air 

1 t 

P 3. Icy 

301 
St a i n l e  ss St  ee 1 , 
6046 cw 

tt 

I1 

5 P1-2.5Sn 
T i t  nnium P,lloy 

11 a 

11' 

0.290 
0.290 
0.290 

0.097 
0 .o?? 
0.037 

0.161 
0.161 
0.161 

Te st 
Ternp . 

t7!3°F 
-3;zoOF 
-423'F 

+7R°F 
-320OF 
-423O F 

+78OF 
.3200P 
-.$23'r" 

Tens i l e  
S t r e n 6 9  
lbs . / in  

217,500 
315,000 
326,000 

45,000 
60,830 
45 500 

ll? ,000 
1197,5ClO 
?A 5 ,000 

0.75 
1.09 
1.12 

c .47 
0 .h? 
c . ?P, 

i -- _ _ _  



C O N V A  

The o t n e r  titmiurr, a l l o y e  s tudied  n r o  newer a l l o y s  c b t d n e d  thrwg',  :: 
c l o s e  working r e l a t i o n  between Convsir-!stronqutics end t h e  t i t v i l i i r ;  

prcducers .  The 6 A l - L Z r - l V  find 7bl-12Zr a l l o y s  were se lec ted .  becfruse 
of t h e i r  predominately s l p h s  s t r u c t u r e .  !iowever, t h e  d e t a  of T T h l o p  
25 and 29 show t h e t  t h e s e  alloys become notch s e n p i t i v e  fit cryo-enic 

I-- 

?TICKEL ARE CaSELT EASE ALLOYS 

X-Xonel 

This  o l l o y  f i n d ?  c u r r e n t  uszle  i n  c r y w e n i c  m f E F i l e  ,qysten! nr: licrticn: 
:ucn ns Ii;uld oxyeen nmnifolds where cQmplici ted SWFEF must bc f r r n c d  
from scft Eheet materinl, snd then  welded and w e  hsrdened t c  hiphcr  
s t r enF th  l e v e l s  wi thout  d i s t o r t i o n .  This ~ 1 1 0 ~  e x h i b i t s  the t y j  i c n L  
b e m V i 0 r  Pssoc ia ted  w i t h  f n c e  centered  cubic  m t e r i e l s ;  i.e., b - l s  
increases i n  u l t i r n n t e  streqoth, and srnpller incresEee i n  y i e l d  s t r e m c f h  
mnd e l o r y e t i o n  with decreasine tempernture,  nnd i n  m3ditjon h-s  P b i .  '7 
welded j o i n t  e f f i c i e n c y  a t  all temperatureo, RS mcwn i n  T a b l e  35. 
P b l e  35 shows t h n t ,  t h e  t o u ~ h n e s , ~  of t h i s  p l l c y  R S  rrensured i n  tile nctc!--.?/ 
unnokhec! t e n z i l e  t e s t s  n c t u s l l y  increpsea  d i v h t l y  betweerl + 7 Q a V  *vi+ 

-423'F. It i s  be l i eved  t t i r  behnvior r e f l e c t s  t h e  toiiThnecF cf t b  
netdr iX,  Pnd i ncnns  t h n t  the  N i x  (Ti, fill)y j rec iF , i t n t e  wbLich i n c r e i - e r  
t h e  s t r e n 4 h  of t h e  s11cy i s  pres& i n  Fuch a f i n e  r l i s p e r F i c n  (no" 
v i s i b l e  P t  1000 dinmeters)  t k s t  it doe? no t  qdverselp e f f e c t  t n e  tourkn-~-=  
of the face  crr . tered cubic  rnqtrix. 
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d i s t o r t i o n  cf t h e  p a r t  OCCLWE. 

be very  cor ros ion  r e s i s t a n t .  
In add i t ion ,  t h i s  r l l c y  i a  kncwn t o  

This  alloy wculd f i n d  application i n  new sFace v e h i c l e s  i n  such ports  
c s  i n t r i c n t e l y  shnped l i q u i d  hydrofen snd  l i q u i d  oxygen fuel l i n e s  
vid manifolds.  

Hoynea 25 (L-605) 
0 

T h i s  c o b a l t  base alloy hes been i n  use i n  the form of co ld  r o l l e d  shee t  
f o r  h i e h  temperRture tq~p l i cn t ions .  However, due t o  i t s  good r e m o n t e  
t c  co ld  work and i t s  foce  centered cubic  c r y s t a l  structure which is 
known t o  possess p o d  low tempereture touphnezF (a? w e l l  R S  good 
e l eva ted  temperature p r c p e r t i e r  ) t h i s  a l l o y  W R S  rub j ec t ed  t o  cryogenic  
t e s t s  by Conveir-nstronnutics.  iiavinp a ccmbination cf ~-005 hiph ani' 
low t e q e r a t u r e  p r c p e r t i k e  i n  e shee t  allo:. a u i t s  t h i s  ma te r in l  f o r  
cryocenic  f u e l  t a n k s  t h o t  may be ~ e r o d p a n i c s l l y  heRted dur:ng- t sheof f  
or r e -en t ry .  

This ~ l l o y  was Ftudied i n  twc temperc: 20 ,and 49 percent  cold worked. 
'ine 40 percent  cold solled ~ l l o y  i s  t o o  b r i t t l e  tc be a useful 
s t r u c t u r a l  n a t e r i a l ,  bu t  t h e  20 percec t  cold worked a l l o y  possessee R 

very :,romisinp ccnhina t icn  of p r c p e r t i e s  which suit it f o r  c r y o p n i c  
a p p l i c a t i o n .  The dato f o r  t hese  a l l o y e  m e  shown i n  Tebles  37 and 32 .  

The 20 pe rcen t  Cold r o l l e d  a l loy  i s  seen t c  have B t e n s i l e  strenp-th 
which inc reases  from sbcut  160 k s i  a t  7 P F  t o  zhout 260 k s i  a t  -423OF, 
w h i l e  t i e  y i e l d  s t r e n e t h  poes from ?bout  120 k s i  netween t h e  mme 
temperatures .  
These p r o p e r t i e s  ? r e  accompenied by a notched/unnotched t e n s i l e  m t i c  
which exceeds 0.9 a t  ~1.l temperatures  Ftudied. 
t o  combine f e i r l y  ?cod Et renr th  w i t h  p o r i  t o u p h n e s t  down t c  4 2 3 O F .  
In nridit ion t h i s  alloy rt4,oin.q tk.e mjcr p r t  cf i t s  Ftrenpt.il up t o  
15OOcF, and a minor  p a r t  UF t o  1800°F, a s  compered t o  301 CRFS unich 
b e p i n t  t o  lose  i t s  Ptrenqth r a p i d l y  abcve 1 O O O O F .  For exni.ple, ;J?yries 
25 shee t  c o l d  r o l l e d  23 percent e x h i b i t s  F. t e n s i l e  s t r e n c t h  cf 160 k P i  
nt, 730F, 90 k s i  a t  1500°F, md 40 b s i  n t  leOO*F , w h i l e  Type 301 cck i  
r o l l e d  t)O Fercent  ana  s t r e s s  r e l i e v e d  f o r  2 , C U T S  a t  800'F exh ib ibs  
a t e n s i l e  .ctren,oth of 275 k s i  a t  %OF, 200 kLri a t  PJOOOF, w d  50 kLci 7t 

1200°F. 

Elongi t ion  rt.mRin,r st about 20 percent  ~t a l l  taii-iperstwer. 

T h u ~  t h i s  a l l o y  i s  seen 

Tne 40 percent cold  r o l l e d  a l loy  i s  exceedinply notch s e n s j t i v e ,  k.TvirF 
R nctched/unnctcnsd r o t i c  below C.7 nt -423'P. T h i s  i:; 3ccoxy*aiiicri by  
nn e ] . o r . ~ ~ t i c i ?  of l e r s  t h a n  4 percent  a t  r i l l  teziFcrstures ,  wticr. c - 3 - e ~  
t h , i s  temper t o  be orokped f o r  ccns idera t ior ,  Cor low tcmperpture ccrvice 
3":  l i c z t  ions.  

i 
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0 
Since piire cob? It is known t o  undergo FIR e n , b r i t t l i n g  jiiiq se t rpns f  CFF- t ?on 
n t  low t expe re tu re ,  ( f a c e  centered cubic  t c  hexeponql c l o s e  r,-cked'l 
c m ~ l c s  of t h i s  d l o y  w h i c h  h.d been m b j e c t e d  t c  4 2 3 0 F  dinJr?u t e n : j ?  
t e r t i n g  were subjected t o  x-rry d i f f r - c t i o n  st,udieF. 
a t  -423OF were s tudied ,  m d  fcmd t o  cnnts in  only t h e  f:.ce centered  cithic, 
phase, which l e  f u r t h e r  s u p m ? t i o n  thnt t h i s  a l l o y  i s  wel l  s u i t e d  t o  3o.i.r 
te:nFeroture use. 
muse t h i s  r e m t i o n  t o  beccme SQ s l u g e i s h ,  s o  8 s  t c  he non-existnrt, $rl 

f i n i t e  t i n e ,  n l t h o q h  the  r e a c t i o n  may bo f w o r e d  from c tbermodynwic 
s t a rdpo in t .  I n  nda i t i on ,  t h e  dep;ree ci' c o l d  work int roduced i n t o  trio 
b t t i c e  by cold r o l l i n v  a t  rcom t e m p x n t u r e  would probabljr re tqrd t h i s  
phase t ransformPtion s t  lcwer t e r r p r s t u r e s ,  because tne t r m s f o r m t i o n  
r e q u i r e s  an atomic shenr niovcment t h a t  wculd be made more d i f f i cuJ - t  i n  - 

Sw,I,les rcqkp.cI 

Apparently t h e  high porcentape of n l loy inp  elementq 

* 

s t r a i n e d  h t t i c e .  

Thie ell057 would f i n d  l imi t ed  a p p l i w t i o n  i n  newer q m c e  vehicles ?t t + c f ,  
locot  ions normally expoced t c  cryopenic t e m p e r i t t r e s ,  bu t  ut.ich nre 
subjected t o  temperatures  in excesr of l O O O O F  due t o  zerodynamic h e n t i c ;  
dur ing  t akeof f .  
use of  t h l r  a l l o y  would be minin ized .  

Due t o  i t s  unfsvornble st , renpth/densi ty  r n t i c ,  f i z tkc i -  

F n s t e l l o y  B 0 
This  alloy, l ike lbynes 25, i F  p r i m w i l y  a h iph  t,ernperoture .tllay t k , l t  he.: 
~ o o d  corroyicn  m:! c x i d i t i o n  r s r iF tnnce .  I t  r e t s i n :  o w r  two t n i r d :  cl' 
i t s  Ome-.led r o o m  temperature  yield s t r eng th  a t  1600°F, pnd i n  c x 5 C l i ~ ; ~ ~ ~ -  
a t m o q h e r e s  m y  ne used a t  ten.;erntures up t o  U O O O F ,  which rn-kes it 
e s p e c i a l l y  nttractive f o r  s ~ w e  vehic le  s p y l l c n t i o n c  ?;here Eerodyn. r i c  
h e s t i n n  d w i n e  t ckcoff mil re-entry present hiph t ,enpernture oxidqti on 
probienis. For t h i s  stusy, trie a l l o y  u?% te&ed in t h e  4*6-percent c o k  
rolled condi t ion ,  which 'ncresred i t c  nnncnled mor! tempcrs+urs ~ r i r l d  -r ! 
tms i l e  Ptrenpth  vslues of 58 ,and 130 k s i  t o  177 nnd 191 k s l  respectivrlv.  
Thr1 data  of Tpble 36 show ti-nt, t h e  s l l o y  i n c r e a s e s  i n  y i e l d  nnrt t-er: : i le 
s t rwx6th t o  240 cnr! 213 k E i  r e s r e c t i v e l y  P t  -423OF, whi le  e l o n g s t i m  
i n e r e a r e s  f rom 3 percent, a t  78QF t o  16 ; e r c e n t  a t  -4.23'F. 
i n t e r e s t  i s  the t r e n d  cf nctched/unnotched t e n s i l e  n t i o  Q S  ? f m c t i o r ,  c r  
temperature i n  Sable 36, where t h e  r r t t io  i s  seen t o  remaiq clo:-e t o  1 . L O  
at all temperstures d o m  tc -L2?O?. 
Ed with the high n i c k e l  content (60 percent )  of t h 5 . F  a l l o y  which  yit.l,:r 
R fPce centered  c r y s t a l  s t r u c t u r e  a t  ~ 1 1  t en re rRfwes .  

Of m a j o r  

I h i ?  e x e e l l m t  toijyhners 1 s  ri~::cc:-t. 
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t r ?  r ?vc e d s r s i t y  cf C.331, lb/in3, ccn.psre,d t o  301 st:inles,r ~ % e c ? l  1i.hicb 
h e ?  3 donFity cf .2? l b / i ~ 3 .  
apposs i n  a Fcmewhst more unfsversble I i k h t  t h e n  wken ccr,s:ldered cn e 
s t re t i f ib  b b s i s  elonr .  

T l i s  e f f ec t  C P I ; , P ~ , ~  t h e  €!Rrtellog B t,c 

This work shows t h g t  t h e  n i c k e l  base !’high temperature” s l l o y e  ~ l m  sk,o:~ 
Frornise f o r  cryopenic opp l i c s t iop ,  End are  n o t  n e c s s s n r i b  ‘erobri t t lcd 
at lcw temperct*Jre by t h e  Frenence cf l n r ~ e  amomts of so l id  ~ ~ l l i i t i o n  
elements such 3s t unp i t en ,  BF. long R S  t h e  alphn n i c k e l  c r y s t s l  s t r u c t u r e  
i s  r e t a ined .  
S J C ~  as c e r t a i n  exposed fiurfncefi of crycpenic  f u e l  t anks  t h a t .  might 
become cverhented durlnE tnkcoff  o r  re-entry.  

T h i s  a l l o y  appsarc  to have prcmise f o r  1FEited oppl ics t icx i r  

AM 355 Alloy 

This  a l l o y  was subjec ted  t o  study by Ccnvnir-Pstronautics because it i o  
one cf t h e  i l iphest  strentnth scret  t t e e l  ~ l l l o y ~  avei lable  a t  t he‘present 
t ime,  and i s  finding a v a r i s t y  of room an2 cleve.ted ter.perRture, 
n p p l l  c r t i c n s  where &ren, tb/decsj  t y  pa rame te r s  w e  of pr imary i q o r t m c e .  
This P l l c y  d e r i v e s  I ts  h i r h  Lstrerfih from 8 cozihinat,ion cf p l a s t i c  
s t r o i n  (i. e., cc ld  r c l l i n g )  m d  phase tr8n:fornmtion of a u P t e n i t e  t o  tk*;e 
h i g h e r  s t r e n p t h  r r i r t m P i t e .  The t e z r e r i n s  opergt ion t h e n  ac tF  tc Imrove 
t h e  tou7hnes.r of t h e  mertensi te .  
i n  Tsble  39, t h i E  e l l o y  W O P  extremely notch s e n s i t i v e ;  I n  f s c t  e t  4 )3”F 
t h e  specimens broke cn t h e  p u r e  mark:;, md o t h e r  p loces ,  nAqkLinp; t b P  
c n l c u l q t i o n  of t h e  not,ched/unnotched r a t  l o  imposeible.  
work i n  300 s e r i s s  ytainles: :  ??,eels h a s  shown t h p t  s t r U C t L r ( 3 z  ccr.tFi?rinp 
sr;me rnzr te rs i te  cf ICW c n r ~ o r ,  I 
s n t i s f r  c t o r y  notched/unnotched r n t  ios, t h i s  study shcws t h a t  h ipher  
c-rbon ( .12 percent  in this  c n s e )  fully m a r t e n s i t i c  s t r u c t u r e ?  fire ultsuited 
f o r  cryogenic ap$.icsticnfi. 

Urjon 3cw tempereture  t e s t i n p ,  o s  seen 

?ItkioiiFh o t k c r  

* < .OS percent) c m t e n t  yield 

I t  is p o s a i b l e ,  hclwever, t h e t  tr;is a l l o y  and o tke re  cf i t r  C ~ R S F  T U C T ~  r:r. 
A M  350 may hove b e t t e r  lcw tempernture  tcurhnes:: (cccompnnied by l c v v  
t e n s i l e  r t r e n p t k )  if  t h e  hea t  trest:-.ent. i s  suck, a s  t c  y i e l d  w r e  
s w t e n i t e  i n  tile w r t e n s i t i c  mstrix. 
-ctustspite posseEFes Fece centered cubic  s t r u c t u r e  which i s  kncm t c  be 
toiiFh n t  lcw terrperature ,  whereas tl;e mertensite h e s  a body CC?fit.erPd 
tetraconal s t r u c t u r e  w h i c h  i s  known t o  be b r i t t l e  st  e x t r e m l y  3cw! tcn,Ffr*) 
expecinlly i n  t h e  higher  cerban rnngos. 
‘subfected t o  w r i c u s  heat  t rea tments  :are c u r r e n t l y  in p r o F p s r .  

T h l s  i . r .  cnused by t h e  fnct ,  t,hfi+, 

Tests of At4 350 and Ab! 35‘1 

I 

A 2% Elloy 

T h i r  n l l o y  W H ~  iric&uded for study 8~ R repreoentntive cf t h e  Rge-hrdertsble, 

FSRK NO. A-702-1 



CONVAlR 1, ASTRONAUTICS 

~ - ~- - __ . - ____ 0 
I 

8 .  

I 

I 
1 '  

I 

I 

high s t r eng th ,  hea t  t r e a t a b l e  s t a i n l e s s  s t e e l  a l l o y  c l a s s .  
wa8 s tud ied  i n  t h e  annealed and twc hea t  t r e a t e d  ccndi t ions .  @ne of 
t h e s e  h e a t  t r ee tmen t s  was t h e  s tandard 1325'F, 16 hours ,  flir cco l ,  
while t h e  second was on l l O O O F  fo r  16 bours, R i r  c c o l  (bo th  aping 
t r ee tmen t s  were preceded by a so lu t ion  annea l  of 1800°F, 30 minutes ,  
a i r  coo& 

The d l o y  

Table 40 shovs 
a moderately low notcned/unnotcned tensile r a t i o  o t  low temperature .  
Otherwise t h i s  a l l o y  beheves much l ike  a t y p i c a l  fece centered cubic  
a l loy .  
alloy t o  have 8 very low rete of work h,ardening which i s  probably due t o  

Thus t h i ?  
a l l o y  e t  423'F i n  the annecled s t e t e  i s  capable of y i e l d i n e  a t  about 
100 k s i ,  cnd then  e longat ing  over 50 percent  while  the t e n s i l e  s t rc l lgth 
goes t o  only 200 ksi. T n i s  behevior a l s o  occurs  t c  x m e  extent i n  the 
notched t e n s i l e  coupons, where sane p l a z t i c  f low was seen t o  occur a t  
the r o o t  of t h e  notch, y e t  lit& increase  i n  t e n s i l e  Etrenpth occurred, 
wi th  t h e  result t h a t  9 low notched/umotched r n t i o  was obtRined. 

t h a t  th is  a l l o y  suffers from R low y i e l d  s t r e n e h ,  ~ n d  

The anonalies noted appeer t o  be caused by t h e  tendency of t h i s  

i t s  high nickel  content  (25 percent )  even e t  low t e q e r o t u r e .  
I 

The age hardened a l l o y s  behaved t h e  s m e  way q u s l i t a t i v e l y ,  b u t  hod 
h ighe r  t e n s i l e  m d  y i e l a  s t renpthE and lower e longet ione .  
f a c t  W ~ S  however, t h a t  t h e  sR:r ip leE nped q t  1325OF exh ib i t ed  h i p h e r  
notcbed/unnotched r a t i o s  than  e i t h e r  tke annealed or  Rged a t  l l O O @ F  
s a q l e a .  
t h e  h igher  e r i n g  tempera ture) ,  and the  r e h t i v e l y  high notched t e n s i l e  
s t r eng th ,  which a l s o  r e s u l t e d  f r w m  t h e  tiipher sp in?  tempersture .  

One E l m i f i c a n t  

T h i s  occurrence waE caused by t h e  relptively low F t u  (cnused by 

Foldered j o i r i t s  h6ve been commnly eniployed in riiany rdssile e 1 e c t r i c ; l  
systems, such a s  t e l eme te r ing ,  p i d c n c e ,  end c o n t r o l  un i t s .  Environmnte.1 
cond i t ions  exLerienced throuehcut  8 r n i s r i l e ' s  l i f e  r e c u l r e z  t h n t  ximy c f  
theFe Foldered j o i n t s  withstand t e r ,pe ra tu re s  from nea r ly  -4OO'F t o  
p o s s i b l y  R S  high a s  300 t c  WOOF as  well 9 s  c e r t a i n  types  of r a d i d i c n ,  
and h i g h  V R C U ~  ccndi t ions .  Choice of 8 f u l l y  r e l i a b l e  so lde r  depends 
upon R soldered j o i n t ' s  p a r t i c u l u  service ccnd i t ions ;  hcwevsr, s u f f i c j e n t  
mechanical end phys ica l  p rcper ty  d a t a  on s o f t  and i n t e r e e d i s t e  solciers 
were not  sv811qble t o  meke 13 f u l l y  r e l i a b l e  s e l e c t i o n .  Therefore t) 

comprehensive t e s t i n g  pro,mam whose purpose was t o  determine t h e  rnechmic?? 

The fo l lowinp  d a t e  ere a r e s u l t  of t h i s  program: 
p r c y e r t i e s  of solders a t  room and subzero tempersturea was undertskm. I 

I 
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Ultimate Tensi le  F t rengths  of Coldered Joints* 
*- 

+ 78O F -320'F 

50 Fn-50Yb *"l3,600 p s i  21,700 psi 26,600 p-f 
35 S n 4 5 P b  ? o f t  Solder  13,600 p s i  16,SOO p s i  11,500 Fri  
Indnl loy  #5 Intermediete  Solder 
(255" In. with Sn and Fb) 7,500 p s i  U,300 p s i  21,TOC F E i  

* 
Q11 
Joints were p repwed  using 1/4" dinmeter brnss rod.  
Pverage of t h r e e  teets eech. 

In pdd i t ion  t o  t h e  t ens i l e  p r o p e r t i e s  w ' l i c b  sre reported abcvc, wcrk i c  

in p r c p e s s  t c  determine t h e  s h e m  a n d  irrircct values of p r r e n t  scldsrs 
nnd sol?ered j o i n t s  A S  o fur tc t ion  of tcmpernture. 

Eolders  wl-dch w i l l  be t e s t e d  include 60 ,Cn-40 Tb; '35 52-65 Pb; 20 h - e O  
Pb , ; 1.5 PF-1 :n47.2 I'b; Indel lcy il; 2nd Inde l lcy  45. Corra5jon 
?nu c o m p a t i b i l i t y  s t u d i e s  pre B Z S O  be inp  mede on n v e r j e t y  of so ldered  
jo ln t e .  

I - les t ic  l ~ i n a t e s  e re  n c r m c ~ l l y  hql -cyec  in t he  ttlap nnd Cef i tn ix  heb-~ i fp  
of  t h e i r  i n h e r e n t  ndvsntsgep: i. e., h i c h  s t r e n p t h  t o  weiFht r n t f c ,  
l i i y h  j e r cen tage  a t r e n o h  r e t e n t l c r  q t  i n tpmer l i e t e  ter iper i ture-  
(30OoF - sOO°F), low thermnl ccnduct,ivity, food l o w  temperpture mcctmicn! 
p rcpe r t i2F  a d  good weat iwrnbi l i ty  . 
fit preeec t  there  i s  a n  active rrogralc st Conv?ir-Pst,ronaut ICP t o  deterrji?:' 
t h e  t e n s i l e  p r c p e r t i e s  of s t r u c t u r a l  p l n s t i c  l rminqtes  fron rcom 
t enpern twe dour1 t o  l i q u i d  hydropen ter1,:ercture (-423OF). 
mcompsrpes t h e  rna te r lp l r  normrjlly u t i l i z e d  i n  tr.e htle:: end Centsur 
vehic les .  
Inminates  conformhg t c  kIGR-939 Type I1 Class  I beve been run a t  
7 P F ,  -3MOP end -L+230F, m d  average v ~ l i i e s  f o r  u l t ima te  tensfle s+,renbt.k 
and modulus o f  e l a s t i c i t y  i n  tension are recorded below: 

Thls prcg-w. 

Tensi le  da t e  of high teir.perat w e  phenclic-fiberglnss 
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Fddi t iona l  t e n s i l e  t e s t i n g  of p l a s t i c  lamino-tes u t i l i z i n g  f i b e r g l a s s  
re inforcement  and p o l y e s t e r ,  s i l i c o n e ,  epoxy and Teflon b i n d e r s  has  
been i n i t i a t e d .  Lou temperature t e s t i n g  of t h e  MIGFW299 m a t e r i a l  
i n  flexure, shear ,  compred .cn  and bee r ing  has also been i n i t i a t e d .  

Most of t h e  structural p l a s t i c  p a r t s  i n  t h e  Atlas and C e n t a u r d A l i z e d  
a sandwich type  of cons t ruc t ions  i. e., a phenol ic - f iberg lass  core  with 
phenol ic - f iberTlass  lamina te  f aces ,  This  has  t h e  added advantage of a 
high s t i f f n e s s  t o  weight r a t i o .  In areas where i n s u l n t i c n  i s  r equ i r ed  
t o  avoid excess ive  boi l -off  of cryogenic p rope l l an t s ,  p l a s t i c  
composite's of phenol ic - f iberg lass  l a n i n e t e  f a c e s  and polyurethane foam 
core  are being ear lcyed.  A t e s t  proplrani o r i g i n a t i n g  i n  May, 1959, was 
run t o  determine cptixum materials f c r  t h e  Centaur l i q u i d  hydrogen 
tank  i n s u l a t i o n .  More than  f i f t y  (50) sandwich panels were cons t ruc t ed  
and t e s t e d .  
impregnated-f iberglass  larriinates and numerous adhesives.  The t e s t  
panels were loaded i n  simple bean bendinp under two po in t  loading  and 
t h e  ou te r  f o c s  wee exposed t o  a p re sc r ibed  hea t  f l ux - the  cyc le  
s imule t ing  t h e  " in - f l i gh t "  aerodynanic hent inp.  The most promising 
mr,teriale a r e  be ing  zubjccted t o  further s t u d i e s  which include:  h i @  
tenrpemture s h e w  t e s t i n e ,  thermel c r n d u c t i v i t y  ond t h e m a 1  expansion 
Ueterminations,  and flexure and s h e m  t e s t i n g  of panels with  one f a c e  
at cryogenic  temper3tires and t h e  o the r  f a c e  st 575OF. 
program h a s  r e s u l t e d  i n  a type of i n z u l e t i o n  panel which ccmbines t h e  
use cf h i g h  temperature-resl  r t a n t  ou ter  faces, over-expanded foam core ,  
Freon blow polyurethane fonm,  m d  high ond low temperature adhesives. 
Th i s  type of backFround c m  be d i r e c t l y  sFpl iod  t o  new space veh ic l e s .  

These panels  I ; t i l i zed  va r ious  p l z s t i c  foam cores ,  various 

T h i s  type of 

The requirement f o r  low dens i ty  t h s r i r a l  i n s u l a t i o n  h a s  cont inuously 
been a problem i n  t h e  Ptlos and Centaur veh ic l e s .  
i n s u l a t i o n  i s  reQuired f o r  tile l i c u i d  oxygen l i n e s ;  t h e  Centaur l i q u i d  
hydrogen t e a ;  t h e  forward,  a f t  snd in te rmedia te  bulkheads of t h e  
Cent sur; t h e  ,P . t l?F  in terroeaiate  bLlkhend; =Ind i n s u h t i c n  f o r  e l e c t r o c i c  
pcckcpes. Convnir-f s t r o n a i l t i c ~  h a s  i n v e s t i g a t e d  the ? v ~ i l . z b l e  F l n s t f c  
f m m s  e r d  i s  n c t i v e l y  engnged ic t h e  mechanical and phys ice l  p roper ty  
t e s t i n g  of t nese  foms  frcm room tmqxriture d c m  t o  -423'F. 
past t h r e e  y e w s  t h c r n o l  conduct iv i ty  t c s t j n g  h r " ~  been ccnducted on 
i n s u l n t i n p  m t e r i n l s  from -1OOOF t o  +300°F ( see  Tcble 41). 
d a t a  e r e  be ine  supplemented by a d d i t i o n s 1  t e s t i n r  3t cryogenic  tsmpero- 
tures. Convair-Fstronnutics is presently running t h e r m d  conduc t iv l ty  
valuts  of p l r e t i c  fcrns a t  -320°F (sqe F i p r e  3 )  and e l i c u i d  r iydropn 
t h e r m d  conduct iv i ty  Rl-parstus i s  i n  the b s t  s t o g e  of f a b r i c a t i o n .  
T h w e  is 0 1 . ~ 0  an a c t i v e  progrnm beinP ccnducted a t  Convair-bstronaut ics  
on the  determinot ion or' triernal c c n j u c t i v i t y  measurements f o r  p l a s t i c  
l sminntes ,  F l n s t i c  bcneyccmh, a n d  ccrnposite s t r u c t u r e s  from room 
temperature  t o  -423OF. 
and non-s t ruc tura l )  have been i n w s t i m t e d .  These inc lude  t h e  v~1cuurn 

This  type of 

I n  t he  

These 

Vsrious c t n e r  i n s u l n t i n p  systems ( struct-mal 

REPOR? mG-23 2-1 
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t ype  i n s u l a t i n g  systems contRininp powders, f i b e r p l s s s  m t e r i a l ,  or 
s luminm f o i l - p p e r  composites; and  non-vncum systems of f ibe re l2 , c s  
bnttlnor, c e rmic  fowls  nnd impregmted aluminum s i l i c A t e  lml ine t e s .  

In order  t c  design ccrcposite s t r u c t u r e s  of ? i S P i r r . i l i r  r r n t e r l R 1 s  it 
i s  essential t o  know t h e  therriiiql czxporsicn of each of t h e  mterbsls 
over t h e  ope ra t ing  t e n p e r a t w e  range. 
hac been ab le  t o  penerate  da t a  on thermal  expansion from -lOO°F t o  
t180OoF, and t h i s  range has now been extended to-320°F. 
i s  ROW i n  t h e  process  of being extended s t i l l  f u r t h e r  t o  -423@F. 
Typical expansicn curves of phenol ic - f iberg lass  h m i n s t e s  nnd 
Fclyuret'nane foam Gver t h e  -320OF t o  +75"F are given i n  F igures  4.q. 
This propax ,  h n s  been expanded to*include adhesive snd Fmdwlch 
s t r u c t u r e s  aloni! wi th  t h e  laminates  and foams now being t e s t e d .  

Ir, t h e  p a s t  Ccnveir-Astronautics 

The c e p a b i l i t y  

Some of t h e  a p p l i c a t i o n s  i n  t h e  A t l a s  m d  Sentaur  i n  which low d e n s i t y  
p l ? s t i c  fosms a r e  being u t i l i z e d  require tine fowl to car ry  6oEe 
:r.echnnical londe. Cheer t e e t F  of t h e s e  foams are being. run from room 
tmpcrnture dew? t o  -423OF 
s l i p h t  i n c r e a s e s  i n  u l t h a t e  shew and s h e o r  nodulus vpluea a t  -3X)"F 
over t h e  corresponding values obtained n t  rcom temperature.  
proersm w i l l  n l s o  be axtended t o  t e n d l e ,  ccmpresdon end flexural 
t e s t S n p  of fcims fz'om t 7 P F  t o  -423OF. 
on the rcechpnical ar.d physics1 p r o c e r t i e s  cf p l a s t i c  foams i s  also 
being i n v e s t i s a t e d .  T h i s  a w i l r b i l i t y  of t e s t  equipment , t h e  
h a c k p c u n d  of dnte  qnd the  ex jcr ience  of tLe personnel would be of 
extreme vaiiie i n  t h e  i n s u l s t i o n  problems which woulc! be encountered 
i n  new s p c c  vefiiclefi. 

I n i t i a l  t e s t i n g  in t h i s  a r e a  i n d i c n t e  

This 

The effect  of long t i m e  storage 

Convair ~ B S  a n t i c i p a t e d  f u t u r e  prcblems es soc ia t ed  with structural 
Ydheeives a t  crycc-enlc temperatures ,  and has  i n i t i a t e d  a ccmpeny funded 
Fropram t o  i n v e s t i g a t e  the L.p-shem, b u t t - t e n s i l e ,  impact, and p e e l  
p rqsr t ies  of n d k e 4 v e s  covering t h e  rrinpe of +780F t o  -423'F. This 
F r o r r P m  covers  t h e  f c l iowinp  adherends: s t a i n l e s .  steel, aluminum, 
t i tr tnium, phenol lc  1wiInQtes an; ccmbin-tion? df these Adherends. 
J n i t i a l  t e p t i n p  w i t h  1/2" l a p  j o i n t s  or" .020" 301 CRES bonded with a 
u.ociified ekoxy sdhesjve hns  r t c u l t e d  i n  low temperature lclp-shear 
ve lues  much higher  a t  crycrenic temperatures than  any r e i o r t e d  by t h e  
?C)tion:,l Fwenu of Ft7ndards (,;!fix T e c h n i c a l  Report 59-30} 
va1~ :es  -?re 1iat.d below: 

These 

AV!ZSPrJE 
T.*FP-SE:F AR 
STm!?KGTH 

Ti GW EB rT L!X 

??OF 

-loo@ P 
-3 2O0 I 
-423OF 

5,810 p s i  
7,790 p61 
6,020 p s i  
6,730 p s i  
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Pi*cl ininnry t e s t i n p  of polyurethsne Edi.csives a t  -?20°F -r.d -?,23 F - 
j,as becn completed. 
i n  bonding po lyure thme  foam t o  i t s e l f ,  polyurethane foam t o  s t o i n l e s s  
s teel ,  and phenol ic - f iberg loss  b r n i n s t e  t o  i tEeLf.  In 811 c 4 ~ @ 6  t ho  
ndhesive withstood t h e  extreme low t en ipers turesu i th  nc apperent  
embrittlcrrient. 
bond was s t ronge r  t h a n  t h e  polyurethsne f o m .  P senple of foam 
(3.2" x 2 1/2" x 1/2") w05 bonded t o  a 36'' welded t e n s i l e  epecimen of 
210 cold  r o l l e d  A;@ s t a i n l e s s  c t e e l  using polyurethane adhesive. 
Epecimn was cycled between 0 2nd U 0 , O O O  p e i  a F p c x i m a t e l y  5-6 times 
Fer n i n u t e  while innrxxsed i n  l iqu id  hydroeen. 
foPm h i  crecked b u t  t h e  adheeive remained i n t a c t .  F c l y e s t e r  adhesive:: 
have ~ l s o  been eva lua ted  f c r  w e  i n  bcndinf &@hx t o  Qlsr and Mylm t o  
s t n i d e s ?  ? t e e 1  and hove successfu l ly  withstood repea ted  cyc l lnq  fron: 

l olyurethene adhesive h s s  been used e i i c c e s ~ f u l l y  

' 
Wnen bcndinr  polyurethane focm tc i t s e l f ,  t h e  r o s u l t i n p  

The 

Cifter 1700 cycles the 

0 tc 12@,r300 p:l q t  -{23OF. 

F i l i c o n  c r y s t d s  and cersmic wafers were bonded t o  .012" 707561 f o r  
e v 4 1 u ~ t i c n  in sclar b n t t e r y  opi l l ic?t ions.  Yolye F t e r ,  polyurethenc 
End cyanoocryls te  Adhesives were eva lunted  for this app l i cq t ion  by 
r epcs t ed  cyc l ine  of t h e  bonds frm t 7 P F  t o  -3200F. 
sdhes ive  f a i l e d  as a r e s u l t  of thermal  shock. 

Eyoxy, modified qoxy ,  pclyurethcne,  p o l y e s t e r ,  
were used i n  bonding polyurethane foarr! t o  301 CRFS. 
t78'P t o  -320°F r e s u l t e d  i n  fs i lure  of t h e  epoxy, modified epoxy qnd 
rubber besed Rahesives 3 s  F r( sult of t h e r m 1  Fhcck snd embri t t lement  
of t h e  adhesive.  
t o  themselves and t o  s t a i n l e s :  steel u t i l i z i n v  epoxy, polyurethsne,  -nd 
modified epoxy ndhesives.  ?r.ese bonds were cycled from +78'F t o  -L+23QF 
w!th no f e i l u r e s  ELF a r e s u l t  cf subsequent manual impact and flexure. 

Only t h e  cyanoecry ls te  

4 

rubber  base adhegiver 
Cycling frcm 

Samples of phenol ic - f iberg lass  lamina tes  were bonded 

A. sandwich p a n e l  c o n c f s t l n r  of aluminum honeycomb and phenol ic - f ibery lors  
f a c e s  bonded w i t h  R phen~ l i c -epo~xy ,  ~ 1 9 ~ s  supported edhesive was 
cycled for 10 hcurs  between -420°F and -320°F, and no t r a c e  of 
d e t e r i o r a t i o n  i n  t h e  s k i n  t o  soneycomb bond was found. 
was sub j sc t ed  t o  c rush ing  ond bendinp f o r c e s  well bey6nd any s e r v i c e  
losds without  f a i l u r e .  

The same  e%;11~  

F lnF t i c  filnis end Fasket ing m t e r i s l e  have ~ l s o  been ex tens ive ly  inver-  
t i s a t e d  at -320OF snd -423OF 46 G r e s u l t  of mrl ter is le  te:tiaig f o r  t h e  
E t l s p  a n d  Centeur veh ic l e s .  O f  t h e  n m y  films t e s t e d  f o r  f l e x i b i l i t y  
e t  cryogenic  temperatures  :JIl3r, l e f l o n  rind Penton Ehoued the be?t  
p rope r t i e s .  
bcnd inp  of l*gl~x f 3r cryopenic a y p l i c ~ t f o n s .  
success fu l ly  f rhr icRt ,ed u t i l i z i n g  *jle.r, ?ad t h i s  tyFe  cf  hsir cn' be 
u?cd i n  c m j u n c t i o n  with f5bes.glnFs nz?tcrial t o  moke a n  exce la rn t  low 
t enye rn tu re  i n ~ u 1 3 t i n ~  system, 
l -bo rn tc ry  fcr use R S  ' 'zero g" fue l  y ropu l s i cn  bp,-,e. 

Fkhust ive  t e s t l n p  h n s  bcen conducted on >&1~z end t h e  
!vncuated b ~ g 5  i-1Cive oe6.n 

Mylsr b a p s  h m e  n l c c  been t e y t e d  in t r c  
T h e  UP c f  ''vl,+r 
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I 

I \  

r 

Ccnva?r-AstrcnTutSc? i e  P~:;c!  i n  the : i . lct  of 9 c o x y m g  funded develcynent 
t r cnm for m d i f y i r  P f1i:crocari~ons f e r  w e  T t  crycpenic t ,onrpv; ' t  i r c r .  
'be rb.;@ctivs i-, t h i ?  crc7r"r. i r  t c  irrrd-cve low tmper-+ure mach~nic-.!  
71-14 p h y r l c r l  r r r w r t i e s  cf f luorocmbons  by n e m z  of nod i f f cc t ion  cr" 
f i l l e r  n.pteri;n.lc, k%cnt t rey tment ,  r n d  Ia -e-s t r r s r inp  technique?. 
I&cr ,onlcn l  2nd pt .ysicnl prcrJer t iea  will b e  cieternineci over the t e r r e r q -  
t u r e  ronze of .175p t o  --4+23°F rn  c ;7ecis l ly  formiilnted 2nd processed 
f lcorocprbon .I-l-astics. X - m y ,  infrzi-re?, an?. v i  s i b k  l imt  ?n-71yr=F.s 
w i l l  a l s c  be p ~ r f o m c a  t o  iriverLigFte t h e  c r y r t a l l i r i t y  cf the:.@ mrter'.-: - 
a t  rcom temper7tu-e and trie e f f e c t s  of formulation qnd processin_c 
tecnnikues on crystallinity. 

I n  d i r e c t  piip: o r t  GI t n e  E t17$ nnc Cent?u r  promomc; l i c l u i c j  kiyriropcx 
arti i i t : u i i  p t i r w e n  t e s t i n r  cf r c t t i n p  Fini c n s t i r i ?  C C ~ I  ounds,  c . i ( ~ c t r ~ l c  2 

Insulit ~ C I ,  ' ~ n ~ ~  1: coJiiycp7c-nt:: ti-ve been ?ccompliehed. The t r iP rn .1  
con t rnc t ' on  cf Teflon ccoted wire was i n v e s t i y R t e d .  I t  was fcund aftfr 
irmnerPicn t b t  t h e  FbrfpkQr;e  of 8 copper braided conductor t i r h t l y  
r - h e c t n e d  i n  Teflon was only I/z1' f o r  8 56' l e n F t h  a t  -320'F 2nd 
?-  proximote* 3/4" f o r  cs 3imilzr 1cnrt .h  at -/+23"F. 
insulsticn o e t e r i o m t i o n  t e F t i n r  d e m n ? t r a t e d  the*, the rusteriql r o t r . i v  ci 
i t F  d i e l e c t r i c  m o p e r t i e ?  R f t e r  low tempemt ure coo l inp  and f l t ? x i n p .  
Ci l icope  rubber  i n m l e t i c n  w s s  f o m d  t o  be i n s e n s i t i v e  t o  i r n p c t  10-1~- 
up t o  30 inch ocunde 3t -320°F. TVC r o t t i n g  ccnycunds uere  foiind to 
be f rPCi l e  nnd contrnct,ed f ro% t ? e  enclcmre w-ills a t  -3-'OcP. ?t?.w 
ailtccne rilhtter ond e p c v  cornpo~nrf~ were focnrl t.c cr ' i cs  rt -32CoY7. 
fi+c',3t.icnsl te.einp n -s  been cmdircteci cn Ll;ick disccnncc ts ,  c l n n q ; ? ,  
b rscke tc ,  ccii;3fn;Ts, c t c ,  

s 

Furtnermore,, 
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CONVAlR 1 ASTRONAUTICS 

or impncting e t  both - 3 2 0 O F  Pnd -423OF. 
f o u r  temrersture cycles while i n  I n  unioyded condi t ion.  It  w o  
found, nowever, t h a t  t h i c k  s e c t i o n s  (0.50 inch or  heav ie r )  of s i l i c c n e  
rubber were nble t o  d i t r i s t -md t ezpe ra tu re  cyclin,? 2nd t h e  conbin- t t ion 
of t e n p e r a t w e  c y c l i n p  and impact q t  t he  cryolrenic texpern ture .  
Teflon ( .SaO")  cushioned clamps withstood t h e  t ~ r b p e r e t ~ r e  cyc l inP  , 
b u t  ;'ailed upon xodernte  irnpTct LoEdin? a t  -32O0F. 
s e c t i o n s  (.050-.100) were Rble t o  u i t r i e t m d  a11 tne  t e d  condi t ionc .  

P11 of these  f a i l e d  z f t e r  

"nicker 'Lef lcn 

One of t h e  inhe ren t  problems i n  us in?  l i c u i d  oxycen R , P  fin o x i d i z e r  
i n  a p rope l lnn t  ys tem is  the h p c t  r . enz i t i v i ty  of moLct ormmic  
r r s t e r i a l s  nnd zcme m t a l s  wiien i n  con tac t  w j t h  l l ( # u i d  c x y ~ e n .  
. r i f t  t!iree years Ccnvqir hoc. run huncred? of l?cu id  cxypen i x r q c t  
s e n r i t i v i t y  t ep t s .  
s e t  up by t h e  LOX I u b r i c s n t ?  .Ctandards Combi t tee ,  qnd more r ec t r , t l y  
t h e  te .c t inp   he^ cmtorrned t o  tke 9 t m d T r d i z e d  t e s t  method cf the 
i i r l l i s t i c  M r F i l c  r i v i s i c n  of the F i r  Force. Tsble 42 contp ins  t e +  
d a t a  obt-lined on I u b r i c m t P .  Cther da te  on t h e  l i q u i d  ox:iren irnr-ct, 
m n s i t i v i t y  of s t r u c t i m l  p l ? z t i c s ,  p s s k e t  m-tcriols, r.int.?, i nk? ,  
Folvents,  i n c u l o t i o n s ,  Idhes ives ,  Ceqlnnts, p l o s t i c  f l l m p ,  c t c . ,  hpve 
not been included becr.u:-e cf thE h r p e  volume of da t a  and t h e  very 
l i r c i t ed  use of t h i s  Fpec i f i c  type  cf  d s t s .  These d s t a  nnd the s b i l i t y  
t o  dc immedirte te : - t iny  on n6w p ,q te r i e l s  w i l l  be exbrenAely vqlii-ble t o  
ncwer s p m e  v e n i c l e  p r c p x m .  

Tne  experience tk,st Ccnvnir-2 s t r c n p u t i c s  h z s  ra incd  i n  t t e  t e r t  5nF r r i d  
u - e  clf n o n - w t o l l i c  m i t e r i n l z  2 t  low (-423OF) m d  h l r h  tempera tures  
()00°F-12000F) will be of ?rent v-llue t o  new spgce veh ic l e s .  Convair- 
As t ronaut ics  hris nlno cons iderable  bQckTound i n  tile abbotion proclertic>:- 
of rdterizls. Fcr t h e  p?s t  t m e e  yr8rs p l 3 s t i c s ,  metals nnd ce r? i . i c r  
iinve been exiosed t o  rocke t  notas  exb.Tusta (5500°F, b c n  3 )  :ind t h e  
a b l a t i o n  ra tes  of v m i o u s  m t e r i s l s  nave been detcrn ined  'i f u n c t i o n  
cf t he  f s b r i c 2 t i c n  va r ina l e s  cf  t he  c . a t e r i a l .  Ablatjon r? tes  f o r  
s t r u c t u r P l  F lPF t i c  lwiir.:ites ~ R V E  been determined a s  r f tmc t i cn  of re;in 
ccn ten t ,  l cmino t inv  pres rure  and f i b e r  o r i e n t a t i o n .  There i r  a 
con t inua l  l i t e r a tu re  survey c s r r i e d  out  s t  Convoir en t h e  mech.mic?l 
a d  p h y s i c c l  p r o p e r t i e s  of ncn-metallic:, nnd t k i s   RE moue  P n v e i r  
f u l l y  awnre of w h a t  is beinu done and what type of information i s  y t i i l  
r equi red .  
Ieinpemture prope r t i eF  of s t r u c t u r e 1  F l i s t i c s ,  PdheFiveF and in:ul , i t lci is  
w i l l  be required I n  d e s i m i n e  st: w t u r a l  or  n o n - ~ t r u c t u r ~ l  i n m l q t  Ion 
i a n e l s  f o r  future  spme  vehicle  p r e p e l l a n t  tank:. 
va luab le  i n  dcsipii inq i n c u l r t i o n  bulktieads,  Ytructur-1 p l a s t i c  .-ci-r,t,cr -, 
hea t  d-ifelds,  c t c .  C o n v r i r - r ~ t r c n 3 u t i c s '  exT f r i e n c e  i n  gasket  IT.' teri-11 - )  

I o t t inE  con1 c m d s ,  e l e c t r i c d  i n s u l i t i o n ,  e t c . ,  will be extremely 
vnlupble  i n  t h e  de,.i.Cn of hydrniulic, p n e u m t i c  Snd e l e c t r c n i c  : y ? t e ~ r  
of new s p c e  v e h i c l e  sjrstanis. 

3cr t i e  

The tc F t  ;,ethod conformed i n i t i s l l y  t o  t h e  rrccetiurc. 

b-  

T h i s  type of broad bzckground i n  t h e  cryocenic  and k i r k 8  

I t  w i l l  be cx t r c -e l - ,  
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TABLE 33  

' Properties of Welded Jo in t s  i n  5/16n 6 A 1 4 V - T i  Alloy Plate. 
Heli-arc Butt  Welds, "Vn Joints ,  Welds Completed with 4 Passes of F i l l e r  Wire, 

Tensile Strength,  139,400 
+70*a weld machined 139,500 
flush 

Tensila Strength,  141,700 
V O % ,  weld not 140,700 
machined 

Tensile Strength,  217,600 
-320OF, weld 
machined f lu sh  

Tensile Strength,  220,200 

machined 
-320°F, Weld not 221,800 

% Elong., +709, 11.0 
weld machined f lu sh  11.0 

% Elong., +70q, 13 0 5  

veld not machined 12.5 

k Elong., -32OoF, 11.5 
weld machined f lu sh  

% Elong., -3209, 17.0 
weld not machined 

V-Notch Char~g, 17.0 
+709, f t .  lbs.  10.0 

V-Notch C h a w ,  7.4 
-320oF, E t .  lbs.  6.2 

NOTES : 

F i l l e r  
Wire 

127,600 
128,400 

136,800 
137,500 

198.400 
203,800 

219,300 
219,400 

e 4.0 
3.0 

14. 5 
8.5 

3.5 
2.5 

28.5 

21.5 
22.0 

10.5 
10.8 

F i l l e r  F i l l e r  F i l l e r  
Wire Wire Wire 

191,800 171,200 147,200 
98,280 168,300 139,400 

129,200 173,900 170,600 
125,800 173,500 166,000 

168,700 248,000 209,500 
173,300 246,300 180,600 

185,000 249,500 232,500 
195,700 251,000 228,600 

3.0 4.0 3.5 
3 .O 4.5 2.5 

5.0 12,o 5.0 
4.5 12 .o 4.0 

3.0 2.0 1.5 
2.5 2 00 2.0 

4.0 3 .O 4.5 
4.5 7.0 3.5 

25 f l  10.0 23 .C 
27.4 8.0 20.8 

16.7 4.0 10.5 
13.5 5.1 13.5 

F i l l e r  
Wire 

115,700 
119 809 

-P___ 

132,700 
13 9,993 

134,200 
117, IOn 

157,8W 
157,200 

2 .c 
1.5 

3 o n  

4,n 

l e G  
1.3 

2.3 
3 ; r ;  

6.0 
7.0 

5 e ' 3  

4.0 

. 

0 

Stress relieved - 1300- - 1 hr. a t  temp. air cooled, a f t e r  welding. 

Heat t rea ted  - 1725OF 1 hr. a t  temp., water quenched, aged a t  
lC)50°F - 2 hrs , ,  a i r  cooled, a f t e r  welding. 

Tensi le  t es t  specimens - Fed. Std. 151, "'$pa F2, f l a t  t e s t  specimen, 
weld transverse t o  axis. 

V-Notuh Charpy t e s t  specimens - Twice s t ~ z d z ~ !  ~ i 4 t . h ~  half standard thickness, 
3 standard depth of notah; notched i n  weld metal. 



* "' . . 

Teat 
Tempi 

+70? 
+70"F 
+7OoF 
+70% 

TkaLE 34 

KECHANICAL PROPEiQIFS HEAT TilEATI!33 Ti -bAl-4V HFMISPHEXICAL FOiGlh'GS, 
1/2" to  3/4R Wall Thickness 

D irec t ion  
With Respect Yield Strength  Tensile StrenKth % $ V-Notch Charpy!5' 
to  Grain Floy PSI P3 i ElonRz R.A, ft,,  lbs ,  

Low . 127,700 (1) 146,200 27.0 53.5 14.0 
Long. 132,300 (1) 147 , 800 27.5 53.1 14.8 
Trans . 133,200 (1) 156,4'79 26.5 34.8 10.0 
Trans. 133,000 (1) 154,000 25.5 38.0 10.2 

-320'F 
-320'F 
-320'F 
-320'F 

+70°F 
+709 

-320OF 
-3209 

+709 

-320- 

+70% 0 
-32O0F 

tong. 225,300 (1) 232,800 11.1 30.0 9.5 
Long . 229,200 (1) 234,200 13.3 38.8 9.8 
Trans . 236,800 (1) 246,300 13.3 23.6 8.0 
Trana . 236,100 (1) 245 9 100 11.1 22.0 8.4 

Long . 137,000 (2)  156,100 16.2 52.6 17.7 
Long . 138,100 (2) 153,300 16.2 45.1 1j.r) 

Long . 228,700 (2 )  23 6,400 11.1 36.4 1n,r7 
Long . 237,800 (2)  , 244,100 11.8 27.5 9.0 

Trana , 140,800 ( 3 )  153,500 10 27.9 - 
Trans, 220,700 (3) 228,603 8 26.2 Q 

base metal 

base metsl 

Trans, l?+C),lOO ( 4 )  153,100 8 22 .o - 
Thru pressure 232,800 (4) 238,809 8 31.9 - 
weld 

(1) 

(2)  

(3) 

Specimens from same forging, Fed. Std. 151, Specimen R.4, Q.169" d i m .  

Specimens from another  forging, Fed. Std. 151, Specimen R4, 0.163" diam. 

Specimens from base metsl of another fo rg ing ,  0,113" diam.,  0.625" gage lpnpth, 
I 

(4) Specimens with  preasure weld transverse to middle of gage l eng th .  
0.625" gage length. 

Double width, half  thickness  of standard 0.3%" square specimem, with half 
standard depth. 

0.113" ciim., 
Specimens machined after pressure welding and heat t r ea t in - ,  

( 5 )  

All forg ings  were heat treated. 
aged 1025O - 1050°F fo r  4-8 houre, air cooled. 

1725' - 175'3- f o r  2-4 hours, wster quenched, 
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